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Abstract approved: 
Riparian zones provide habitat for breeding birds in the semiarid western United 
States; however, there are few data available that address the effects of livestock grazing 
strategies on riparian habitats and avian communities. Documenting avian community 
composition in different riparian vegetation communities and relating vegetation 
communities to livestock grazing strategies may identify management alternatives that 
are sustainable from a wildlife habitat perspective, and may permit constructive coalitions 
between agricultural industry and environmental groups. I compared diurnal breeding 
bird abundance, individual species abundance, and species richness, and vegetation 
composition and structure among 12 streamside riparian areas of Bear and Silvies valleys 
in eastern Oregon during 1993 and 1994. Bird and vegetation data were collected along 
four replicate transects within each of three riparian vegetation communities 
characterized by vegetation structure: herbaceous, discontinuous willow (Salix spp.), and 
Redacted for Privacycontinuous willow. These riparian vegetation communities were grazed under summer 
season-long, summer short-duration, and fall short-duration livestock grazing strategies, 
respectively, >5 years before the study. 
Differences in riparian vegetation among communities were primarily related to 
shrub structure by experimental design. The continuous willow community had more 
shrub cover overall (P < 0.001) and within each 1-m height interval from 0-4 m 
(P < 0.013) than the herbaceous and discontinuous willow communities. The herbaceous 
community had no shrub cover >1 m in height. Willows extended farther (P = 0.031) 
from the steam edge in the continuous willow community than in the discontinuous 
willow community. No willows were detected in the herbaceous community. 
I detected 4,016 birds representing 56 species along the transects. Total bird 
abundance was greater (P < 0.001) in the continuous willow community than in the 
herbaceous and discontinuous willow communities. Species richness was inconsistent 
(P = 0.034) between years within communities; it was greatest (P < 0.037) in the 
continuous and discontinuous willow communities in 1993, and greatest (P < 0.003) in 
the continuous willow community in 1994. Total bird abundance and species richness in 
1994 increased with willow volume (r2 > 0.707, P < 0.001). Of 23 bird species with >20 
individual detections over both years, 13 species were most abundant in one or two 
vegetation communities (P < 0.088). Seven species (yellow warbler [Dendroica 
petechia], song sparrow [Melospiza melodia], willow flycatcher [Empidonax traillii], 
American robin [Turdus migratorius], common snipe [Gallinago gallinago], bobolink 
[Dolichonyx oryzivorus], and Vaux's swift [Chaetura vauxi]) were most abundant in the 
continuous willow community. Three species (savannah sparrow [Passerculus sandwichensis], black tern [Chlidonias niger], and American wigeon [Anas americana]) 
were most abundant in the herbaceous community. Willets (Catoptrophorus 
semipalmatus) were most abundant in the herbaceous and discontinuous willow 
communities whereas cinnamon teal (A. cyanoptera) were most abundant in the 
herbaceous and continuous willow communities. Red-winged blackbirds (Ageliaus 
phoeniceus) were inconsistent (P = 0.032) between years within communities: they were 
most abundant in the continuous willow community in 1993, and most abundant in the 
continuous willow and herbaceous communities in 1994. 
Hydrophytic woody vegetation within semiarid rangeland environments increases 
structural complexity and is associated with avian abundance and diversity. Yellow 
warblers, willow flycatchers, and song sparrows, which depend on hydrophytic shrubs for 
nesting almost exclusively in the semiarid West, are especially threatened by the 
elimination or simplification of woody riparian vegetation. I suggest that riparian 
vegetation structure and composition, which is associated with avian abundance, species 
richness, riparian associate bird species, and landscape-level biological diversity, be 
maintained where possible. Seasonal light (<30% use) fall short-duration grazing seemed 
to be compatible with the maintenance of woody riparian vegetation whereas summer 
season-long and summer short-duration grazing is likely incompatible. Copyright by Todd Alan Sanders 
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vii PREFACE  
In October 1992, Oregon State University Departments of Agriculture and 
Resource Economics, Fisheries and Wildlife, and Rangeland Resources obtained a 
nationally competitive grant (#SA 6009) from the Washington D.C. office of Sustainable 
Agriculture Research and Education (SARE). The grant enabled Oregon State University 
participating departments to initiate a three-year research project (#LW92-31) 
investigating natural resource attributes relative to riparian-grazing management 
techniques. 
The project was based on a collaboration between SARE project members and 
private ranch cooperators. SARE project members were Project Manager Ludwig M. 
Eisgruber, Professor, Department of Agriculture and Resource Economics; Project 
Coordinator Martin Vavra, Professor and Superintendent, Eastern Oregon Agriculture 
Research Center; John C. Buckhouse, Professor, Department of Rangeland Resources; W. 
Daniel Edge, Assistant Professor, Department of Fisheries and Wildlife; William C. 
Krueger, Professor and Head, Department of Rangeland Resources; and Frederick W. 
Obermiller, Professor, Department of Agriculture and Resource Economics. Participating 
Oregon State University Extension Agents were Dave Chamberlain, Harney County 
Extension; Tim Deboodt, Crook County Extension; William Riggs, Lake County 
Extension; and Pete Test, Grant County Extension. Cooperating Scientists included 
Dennis P. Sheehy, Eastern Oregon Agriculture Research Center; John Tanaka, Blue 
Mountains National Research Institute; and William A. Zollinger, Department of Animal 
Science. Graduate Research Assistants were Joynal Abedin, Ph.D. Candidate, 
viii Department of Agriculture and Resource Economics; myself, M.S. Candidate, 
Department of Fisheries and Wildlife; Tamzen Stringham, Ph.D. Candidate, Department 
of Rangeland Resources; Walfrido Tomas, M.S. Candidate, Department of Fisheries and 
Wildlife; and Louanne Zweygardt, M.S. Candidate, Department of Rangeland Resources. 
Cooperating private livestock ranches were the Holiday, Lemcke, Oliver, and Ponderosa 
properties located in Bear and Silvies valleys, Grant County, Oregon. 
The primary purpose of the SARE project was to determine grazing, haying, and 
irrigation practices that are most compatible with sustainable agriculture systems 
incorporating private ranch operation security and the ecological function of riparian 
areas in Bear and Silvies valleys, Grant County, Oregon. Evaluated attributes were beef 
and forage production; stream and water table levels; stream-bank stabilization; bird, 
small mammal, and fish habitat; vegetation structure; and water quality in summer- and 
fall-grazed riparian areas. 
This thesis is a contribution to the SARE research project (#LW92-31) on behalf 
of Todd A. Sanders, Graduate Research Assistant, and Assistant Professor W. Daniel 
Edge, Major Participant, in the Department of Fisheries and Wildlife. 
ix BREEDING BIRD COMMUNITY COMPOSITION IN RELATION TO  
RIPARIAN VEGETATION STRUCTURE IN GRAZED HABITATS  
INTRODUCTION 
The role of riparian zones in providing habitat for birds in the semiarid western 
United States has been well documented (Carothers et al. 1974, Carothers and Johnson 
1975, Hubbard 1977, Sands and Howe 1977, Thomas et al. 1979, Szaro 1980, Knopf 
1985) and summarized by Kauffman and Krueger (1984). Riparian zones support a 
greater density and diversity of avian species than adjacent uplands (Carothers et al. 
1974, Hubbard 1977, Odum 1978) and may be the most important habitat type in North 
America to nesting birds (Carothers and Johnson 1975). Riparian zones in the semiarid 
West constitute approximately 2-3% of the rangelands in the 11 western states and 
<0.5% of the total land area (Felix 1977, Szaro 1980, Mosconi and Hutto 1982, 
Cooperrider 1990). 
Riparian zones in the semiarid West also are important to livestock operations for 
many of the same reasons that they are important to wildlife (Kauffman and Krueger 
1984, Clary and Webster 1989, Medin and Clary 1991). Cattle and other domestic 
livestock spend a disproportionate amount of time in riparian zones compared to adjacent 
upland areas if given the opportunity (Ames 1977, Clary and Medin 1990). 
Because of riparian ecosystem value to both wildlife and domestic livestock 
production, riparian zones represent important areas of management (Carothers and 2 
Johnson 1975, Johnson et al. 1977, Hirsch and Segelquist 1978, Thomas et al. 1979, 
Kauffman et al. 1983, Oakley et al. 1985, and others) and major areas of potential conflict 
(Medin and Clary 1991). Livestock are perceived as a major cause of habitat degradation 
in many western riparian zones (Carothers 1977, Knopf and Cannon 1982) and are one of 
the causes altering an estimated 70-90% of all natural riparian habitat within the United 
States (Hirsch and Segelquist 1978). 
Livestock may influence bird community composition either directly through 
disturbance, or indirectly through grazing and trampling that will change, reduce, or 
eliminate riparian vegetation (Kauffman and Krueger 1984, Platts and Raleigh 1984). 
The emphasis in previous studies of livestock-grazing effects on vegetation communities 
and avian populations has been placed on grazed versus ungrazed areas. Some studies of 
riparian habitats (Taylor 1986, Szaro and Rinne 1988) have reported that livestock 
grazing greatly reduces total avian abundance and/or species richness compared to 
livestock exclosure areas, whereas other studies (Kauffman 1982; Sedgwick and Knopf 
1987; Medin and Clary 1990, 1991) were unable to demonstrate similar relationships. 
Well-managed grazing systems controlling livestock grazing intensity, timing, 
and distribution may be beneficial to livestock and conserve wildlife habitats. 
Information published on the effects of various range management practices on riparian 
habitat and avian populations is insufficient for management in spite of the importance of 
riparian zone management, value to wildlife and domestic livestock operations, and the 
potential conflict. Information is needed documenting avian community composition in 
different riparian vegetation communities and vegetation community alteration induced 
by livestock grazing. 3 
I compared diurnal breeding bird community composition and vegetation among 
three riparian vegetation communities with different vegetation structure in cattle-grazed 
pastures of Bear and Silvies valleys, Grant County, Oregon, during 1993 and 1994. 
Specifically, I tested the null hypotheses that total bird abundance, individual species 
abundance, and species richness did not differ among riparian vegetation communities 
characterized by different vegetation structure (herbaceous, discontinuous willow [Salix 
spp.], and continuous willow). Additionally, I tested the null hypotheses that vegetation 
composition and structure did not differ among riparian vegetation communities. 
Riparian vegetation communities were grazed by cattle under summer season-long, 
summer short-duration, and fall short-duration livestock grazing strategies, respectively, 
>5 years before the study. I further attempted to identify relationships between 
vegetation structure and the current livestock grazing strategy with emphasis on bird 
community associations. 4 
STUDY AREA 
The study was conducted in Bear and Silvies valleys located in the south central 
portion of the Blue Mountains Province (Franklin and Dyrness 1973) in south central 
Grant County, eastern Oregon (43°45'-44°15'N, 118°45'-119°07'30"W) (Fig. 1). Valley 
floor elevation ranges from 1,387 to 1,440 m. Climate is characterized by cold winters, 
moderate summers, and low precipitation (Oregon Climate Service 1995). In Seneca, 
Oregon, central to the study area, annual precipitation averages 34.3 cm and occurs 
primarily from November through June in the form of snow (Fig. 2). Ambient 
temperatures during January and July average -6.2 and 15.0 C, respectively (Fig. 3). 
Bear and Silvies valleys encompass approximately 49,920 ha extending 29 km 
east to west at the broadest point and 52 km north to south. The Silvies River flows from 
north to south separating Bear and Silvies valleys into two near equal halves before 
continuing down the Malheur Lake basin. Bear Valley is additionally divided by Scotty 
Creek flowing from the west and Bear Creek flowing from the east, which join the Silvies 
River near the south central portion of Bear Valley. The valley floors are wide, 
unconstrained, and gently sloping. Shrubby stringers of willow line most of Scotty and 
Bear creeks as well as portions of the Silvies River. Grasses, forbs, rushes (Juncus spp.), 
and sedges (Carex spp.) dominate the valley bottoms extending approximately 260 m on 
each side of the waterways before giving way to drier, gently upsloping, grass and 
sagebrush- (Artemisia spp.) or ponderosa pine- (Pinus ponderosa) dominated forest 
communities. Dominant willows within Bear and Silvies valleys include blueberry 



















Silvies River ,/ 
0  1 
N 
miles 
2  3  4  5 
US Highway 395 
1 Burns 10 miles 
Figure 1. Location of privately owned Bear and Silvies valleys bordered by the Malheur 
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Figure 2. Mean monthly and cumulative precipitation recorded in Seneca, Oregon, 
averaged from 1961 to 1990 compared with the two years (1993, 1994) when data were 
collected for this study. 7 
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Figure 3. Mean monthly maximum and minimum ambient temperatures recorded in 
Seneca, Oregon, averaged from 1961 to 1990 compared with the two years (1993, 1994) 
when data were collected for this study. 8 
var. geyeriana), Drummond willow (S. drummondiana), Lemmon's willow (S. lemmonii), 
whiplash willow (S. lasiandra var. caudata), Bebb willow (S. bebbiana), coyote willow 
(S. exigua ssp. exigua var. exigua), and Mackenzie willow (S. rigida var. mackenzieana). 
Taxonomy follows that of Hitchcock and Cronquist (1991). Other shrubs include alder 
(Alnus incana), rose (Rosa sp.), currant (Ribes sp.), green rabbitbrush (Chrysothamnus 
viscidifloras), gray rabbitbrush (C. nauseosus), low sagebrush (A. arbuscula), and big 
sagebrush (A. tridentata). 
A mosaic of private family-owned livestock ranch operations cover the valley 
floor within Bear and Silvies valleys bordered by the surrounding Malheur National 
Forest. Primary use of the valleys is cattle production. Ranchers use surrounding U.S. 
Forest Service grazing allotments during the summer months (JunAug). Riparian 
pastures are ditch-irrigated to increase production of native and historically seeded 
grasses and are typically hayed in late summer (JulAug) for supplemental winter 
livestock feeding. 9 
METHODS  
Sampling Design 
My study was based on a comparative observational research design (Kuehl 
1994:4). I sampled avian communities and habitats along four replicate transects in each 
of three riparian vegetation communities representing different vegetation structures: 
herbaceous, discontinuous willow, and continuous willow. These communities were 
either void of streamside hydrophytic woody vegetation or had discontinuous tracts, or 
continuous tracts of streamside hydrophytic woody vegetation parallel to the stream 
channel. Riparian vegetation communities characterized by different vegetation structure 
were grazed by cattle under summer season-long, summer short-duration, and fall short-
duration livestock grazing strategies, respectively, >5 years before the study. I 
characterized the current grazing strategies by season and duration of use, and the percent 
use of the herbage standing crop that was ocularly estimated by cooperating research 
scientist. Summer season-long strategy was continuous grazing during the summer (Jun 
Aug) at an estimated use of >80%. Summer short-duration strategy was grazing in 
rotation of two weeks of use following a four-week rest period during the summer (Jun 
Aug) at an estimated use of 50-65%. Fall short-duration strategy was grazing during the 
fall (SepNov) for one 14-day period at an estimated use of <30%. Grazing intensity 
(i.e., animal unit month/ha) varied annually because of fluctuating stocking rates in 
response to livestock production logistics and forage availability. 10 
Cooperators, riparian zones, and grazing strategies within Bear and Silvies valleys 
were identified through the Oregon State University Extension Range and Agriculture 
Agent in Grant County and cooperator interviews. Selection of sampling areas was based 
on (1) contiguous riparian vegetation and uniform structure, (2) grazing management 
strategy, (3) a continuous grazing regime for >5 years before the study, (4) riparian length 
>900 m, and (5) replicability (>4). Selected riparian zones represented vegetation 
structures and grazing strategies typical of the area. Pastures containing selected riparian 
zones averaged 142 ha (SE = 34.3, range 23-340, n = 10) located along Bear and Scotty 
creeks and the Silvies River in Grant County (Table 1). 
I established four replicate transects along the stream within each of the three 
riparian vegetation communities for a total of 12 transects. Riparian transects were 
positioned relative to a random starting point extending 700 m adjacent (<2 m) and 
parallel to the stream axis. Two transects/pasture were placed in two of ten pastures 
because of limited pasture availability. I established eight sample points at 100-m 
intervals systematically along each transect for a total of 32 points/vegetation community. 
All sample points were >100 m from the nearest pasture boundary. My objective was to 
accurately estimate bird and vegetation community composition and structure at the 
transect level; therefore, streamside riparian areas were considered the experimental unit 
whereas transects were considered the sampling unit and served as replicates (four) 
within vegetation communities. 11 
Table 1. Distribution of four replicate transects within each of three riparian vegetation 
communities characterized by vegetation structure (herbaceous, discontinuous willow, 
continuous willow) along Scotty Creek, Bear Creek, and the Silvies River in Grant 
County, Oregon, 1993-94. 
Vegetation Community  Scotty Creek  Bear Creek  Silvies River 
Herbaceous  [2]a  [2] 
Discontinuous willow  2  2 
Continuous willow  4 
a Brackets indicate transects that are located in the same pasture. 12 
Vegetation Sampling 
Vegetation and physical habitat variables were sampled 14-30 June 1993 at each 
sample point with the exception of percent ground cover, which was sampled in both 
1993 and 1994. I measured or derived 40 habitat variables to evaluate riparian vegetation 
composition, structure, and physical habitat. I sampled vegetation structure and 
composition in 10-m radius circular sample plots (0.003 ha) centered 10 m from and 
perpendicular to the stream edge at each sample point. Shrubs with >50% canopy 
coverage inside each sample plot were measured by maximum height and mean diameter 
at 1-m height intervals beginning at the 0-1 m height interval upward until the maximum 
height was encountered. I calculated percent shrub cover as the proportion of the sample 
plot (314 m2) covered by the total maximum area (rtr2) for each shrub. I derived shrub 
foliage volume for each 1-m height interval by multiplying shrub area by 1 m or the 
maximum height within the layer for each shrub. 
Percent ground cover of non-shrub habitat attributes, including grasses, forbs, 
rushes, sedges, litter, standing water, bare soil, and woody debris, were estimated using 
the canopy coverage method (Daubenmire 1959). I systematically placed a Daubenmire 
cover frame (0.1-m2 plot, 20 x 50 cm inside dimensions) at the center of each sample plot 
and at the end of four 5-m orthogonal transect lines (i.e., N, S, E, and W) radiating from 
the sample plot center. In the event that shrubs were encountered within the cover frame, 
the frame was repositioned to the nearest adjacent shrub-free area. After placing the 
cover frame, I measured the mean maximum height for each habitat attribute and 13 
estimated ground cover to the nearest percent using a reference chart (Terry and Chilingar 
1955) that increased my precision and accuracy of estimation. Percent ground cover for 
each non-shrub habitat attribute averaged over the five cover frames provided an estimate 
of the ground cover within the sample plot that was not covered by shrubs in the 0-1 m 
layer. In order to account for shrub ground cover within the sample plot, I multiplied the 
mean percent ground cover of each non-shrub habitat attribute by the sample plot area 
(314 m2) less the 0-1 m layer shrub area, and then divided the resulting ground cover area 
by the sample plot area. This calculation provided an estimate of percent ground cover 
for each shrub and non-shrub habitat attribute within the sample plot 0-1 m layer. 
Because percent cover was estimated separately for shrub and non-shrub habitat attributes 
in the 0-1 m layer and shrub habitat attributes in the 1maximum height layer, it was 
possible to have >100% combined cover as a result of layer overlap. 
Willow regeneration was sampled in a 1-m-wide belt transect extending 20 m 
along the stream edge and centered adjacent to each riparian sample point. I defined a 
regenerating willow as any newly established sprout that was <75 cm in height and not 
evidently originating from an already established willow. I measured the stream width 
adjacent to each sample point perpendicular to the immediate stream channel. Also at 
each sample point I measured riparian shrub and riparian zone widths perpendicular to the 
overall stream channel orientation, which was determined for each transect from 
topographic maps. Riparian zone widths were measured from aerial photographs and 
topographic maps. I defined riparian shrub width as the maximum distance willows 
extended from the right and left stream edge combined. I defined riparian zone width as 
the combined two-directional distance from the stream edge to the mid-transition line 14 
between moist grass-dominated meadows and drier, gently upsloping sagebrush and 
grass- or forest-domihated uplands. Riparian areas and widths were ground checked for 
accuracy. 
Bird Sampling 
I used a point count method (Bibby et al. 1992) to collect avian data at each 
sample point along riparian transects. I considered bird-count data to be an estimate of 
relative abundance, which is an index to bird density based on a constant but unknown 
proportion of the population (Bull 1981). In 1993 and 1994, I sampled each transect four 
times between 25 May and 21 June for a total of eight visits/transect. During mornings 
with low wind (<15 kph) and no precipitation, I conducted surveys beginning 10-20 
minutes after sunrise and ending within four hours after sunrise. A survey period 
consisted of six survey days in which all 12 transects were surveyed once/observer; one 
transect during early-morning and one transect during mid-morning each day. I reversed 
the direction of survey for each survey period so that sample points on each transect were 
sampled two times during early-morning and two times during mid-morning each year. 
The order in which transects were surveyed, and by which observer, was randomly 
determined with the constraint that all 12 transects were surveyed within one survey 
period and no more than one visit/transect/day. Avian surveys at each sample point 
lasted five minutes/visit following a one-minute wait period allowing birds to resume 
normal activity. I recorded all birds detected aurally or visually by species, cluster size, 
distance from plot center, and whether they were associated with the shrub community, 15 
grass-sedge-forb community, aquatic habitat, or in flight when first detected. A cluster 
was defined as any closely associated group of birds (e.g., flock) where each member is 
not considered to be an independent detection. Individual birds that I detected at more 
than one sample point along a transect were recorded only once/transect visit. 
Surveys were made by three observers; one observer was the same both years. 
Each observer's effort was distributed equally among all treatments and transects to avoid 
systematic observer bias in the comparison of bird community composition among 
vegetation communities. Observers were trained for two weeks before the beginning of 
each breeding season to minimize observer variability and to increase the accuracy of 
species identification and distance estimations (Kepler and Scott 1981). 
Data Analysis 
Preliminary data analysis following the first year of the study identified one 
transect and its associated pasture as dissimilar within the discontinuous willow 
vegetation group. Consequently, I excluded the transect from future analysis and 
established a new discontinuous willow transect in 1994. 
I determined habitat characteristics along a transect by averaging variables 
collected at each sample point and for each year where appropriate. To compare habitat 
characteristics among vegetation communities, it was necessary to use two different 
models. I subjected each habitat variable collected only one year to a one-way Analysis 
of Variance (ANOVA) (three "treatments" by four transects, n = 12), and variables 
collected both years to a Split-plot ANOVA in time using a completely randomized 16 
design (three "treatments" by four transects [discontinuous willow = three transects in 
1993] by two years, n = 23). I used SAS (software release 6.08) General Linear Models 
procedure for ANOVA (SAS Institute Inc. 1989). The transect within treatment mean 
square error was used as the error term to test the treatment effect whereas overall 
residual mean square error served as the error term to test the year and treatment-by-year 
interaction effect. In cases where residuals were not normally distributed or where they 
indicated heteroscedasticity, I used the loge or loge (Y + 1) (for variables with zero values) 
transformation to meet the ANOVA test assumptions (Steel and Torrie 1980). All test 
statistics based on transformed variables are indicated when reported; I report 
untransformed means and standard errors. I used Fisher's Least Significant Difference 
(LSD) test criterion for making pairwise comparisons of means when F was significant 
(P < 0.10) (Fisher's Protected LSD). In the event that all observations within a 
vegetation community were zero, I excluded the treatment from the model when testing 
that variable (Fred L. Ramsey, Oreg. State Univ., pers. commun.). I calculated the power 
(1 -(3) of the F test (Neter and Wasserman 1974:453-584) based on the observed effects 
size to assess the probability of correctly rejecting the null hypothesis when seemingly 
evident community differences were statistically insignificant (P > 0.10). 
To compare bird community composition among riparian vegetation 
communities, it was necessary to account for reduced detectability of birds as a result of 
vegetation complexity. Vegetation complexity along replicate transects within each of 
the three riparian communities was relatively homogeneous whereas vegetation 
complexity among the three riparian communities varied, representing three different 
detectability classes. I estimated the effective area surveyed for each riparian vegetation 17 
community using program DISTANCE (Buck land et al. 1993, Laake et al. 1993), 
methods one and five of Ramsey and Scott (1979), and a cumulative detection curve 
(Scott et al. 1986:48-52) for each species with a large sample size (n > 60) and a near 
stochastic distribution. Birds were not believed to be stochastically distributed within the 
survey area; therefore, I conservatively estimated that birds detected <40 m from sample 
points were equally detectable among all vegetation communities based on calculated 
estimates of the effective area surveyed. Consequently, only birds detected <40 m from 
sample points were included in the analysis. Additionally excluded from the analysis was 
the double-crested cormorant (Phalacrocorax auritus) because this species was only 
detected in flight and not apparently associated with any particular riparian vegetation 
community. 
I determined relative bird abundance for each species along a transect by 
summing the number of individual detections over sample points during four visits for 
each year. Bird community measures (abundance [total individual detections], individual 
species abundance [each species with >20 individual detections during 1993 and 1994 
combined], and species richness [total species]) were dependent variables. Each variable 
was subjected to a Split-plot ANOVA in time using a completely randomized design 
equivalent to that used to compare habitat variables. In cases where residuals were not 
normally distributed or where they indicated heteroscedasticity, I used the loge, square 
root, or inverseloge (Y + 1), square root (Y + 0.5), or inverse (Y + 1) for variables with 
zero valuestransformation to meet the ANOVA test assumptions (Steel and Torrie 
1980). All test statistics based on transformed dependent variables are indicated when 
reported; I report untransformed means and standard errors. In the event that there were 18 
no detections for a species within a vegetation community for both years, I excluded the 
treatment from the model when testing individual species abundance. 
Correlations between bird and vegetation variables were analyzed using simple 
linear regression and polynomial regression (Regression procedure; SAS Institute Inc. 
1989). Individual species abundance was averaged between years (1993, 1994) by 
transect given that there was not a significant treatment-by-year interaction effect 
identified in the Split-plot ANOVA. I weighted mean individual species abundance by 
sample size in the regression analysis to account for the missing discontinuous willow 
transect in 1993. I analyzed species richness separately by year given the significant 
treatment-by-year interaction effect identified in the Split-plot ANOVA. Vegetation 
measures were considered independent variables whereas individual bird and bird 
community measures were considered dependent variables in the analysis. 
To compare similarity in bird composition and structure between riparian 
vegetation communities, I computed two resemblance measures for each paired 
community. I combined relative abundance data for each bird species along transects 
within years (1993, 1994) to determine species organization at the vegetation community 
level. I computed Jaccard's Coefficient of Community Similarity (Mueller-Dombois and 
Ellenberg 1974:212-214) to evaluate similarity in species composition. Jaccard's Index 
was computed as the number of species common to two vegetation communities divided 
by the total number of species found in both vegetation communities. I computed 
Percentage of Similarity (Wolda 1981) to evaluate similarity in species composition and 
structure. Percent Similarity was computed as the sum of each species' lowest percentage 
in either community. Calculating Jaccard's Coefficient and Percentage of Similarity 19 
allows community comparisons to be assessed based on species presence-absence and 
presence-absence taking into account relative abundance, respectively. Values of both 
indices range from zero when no species are found in common to one when all species 
are identical. 
Additionally, I compared species turnover rates (Rice et al. 1983) between 
vegetation communities. Species turnover was computed for each transect as the number 
of species detected in only one year (i.e., either a species gain or loss over 1993-94) 
divided by the total number of species detected during both years and expressed as a 
percentage. I used a one-way ANOVA similar to that used in the vegetation analysis to 
compare species turnover rates among vegetation communities. 
Constraints on my experimental design prevented the randomized selection of 
experimental units, so I performed additional analysis to evaluate the consequence of 
assuming that streamside riparian areas were independent experimental units (replicates). 
Replicate streamside riparian areas meeting my selection criteria (i.e., similar in 
vegetation structure and current grazing regime) tended to occur in pairs; either within 
two adjacent riparian pastures or in two cases, within the same pasture. Therefore, I 
analyzed all variables treating paired replicates as subsamples within the three riparian 
vegetation communities. I used a one-way ANOVA (three "treatments" by two pairs, 
n = 6), and a Split-plot ANOVA in time (three "treatments" by two pairs by two years, 
n = 12) similar to that used to analyze the aforementioned variables. I weighted variable 
pair means by sample size (n = 2, n = 1 for the discontinuous willow pair with a missing 
transect in 1993) in the ANOVA to account for unequal subsample size. In 85% of all 
cases, the analysis of paired transects indicated the same results as the analysis of 20 
individual transects. Because the interpretation of the research results did not depend on 
the assumption that riparian areas were independent experimental units, I report only the 




Shrubs and Physical Habitat 
Differences in riparian vegetation among communities primarily were related to 
shrub structure by experimental design (Fig. 4). The continuous willow community had 
more shrub cover overall and within each 1-m height interval from 0-4 m (Table 2). The 
continuous willow community also had more shrub cover in the 4- to 5-m height interval, 
but means were not significantly different (P = 0.497, 1  (3 = 0.17). Shrub cover within 
the 5- to 6-m height interval was present in the discontinuous willow community only. 
The herbaceous community had no shrub cover >1 m in height. Shrub density did not 
differ among vegetation communities (P = 0.657, 1 -13 = 0.17). However, willows were 
absent from the herbaceous community and there was a mean density of 71 more 
willows/ha in the continuous willow community than in the discontinuous willow 
community, although means were not significantly different (P = 0.116, 1  (3 = 0.49). 
Shrub composition differed noticeably among treatments. Sagebrush cover was 
greater in the herbaceous community than in the discontinuous willow community and 
was absent from the continuous willow community (Table 2). Rabbitbrush and currant 
had <0.4% cover and did not differ among riparian vegetation communities. Similar to 
sagebrush, rabbitbrush was absent from the continuous willow community whereas 
currant was absent from the herbaceous community. Rose had <0.1% cover and was Shrubs  Herbs 
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Figure 4. Percent shrub and herbaceous cover for each 1-m height interval from 0-6 m in riparian vegetation communities 
characterized by vegetation structure (herbaceous, discontinuous willow, continuous willow) in Bear and Silvies valleys, Grant 
County, Oregon, 1993-94. Table 2. Shrub and physical habitat attributes in riparian vegetation communities characterized by vegetation structure (herbaceous, 
discontinuous willow, continuous willow) in Bear and Silvies valleys, Grant County, Oregon, 1993. 
Habitat attribute 
Herbaceous 
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0.96  1,6  0.365' 
Lemmon' s willow  0.0  0.0  0.0  0.0  0.4  0.3 
Willow regeneration (#/ha)  0.0  0.0  515.6  218.6  2812.5  1804.8  1.47  1,6  0.271' Table 2. Continued 
Herbaceous  Discontinuous willow  Continuous willow  Test statistics' 
Habitat attribute  -.i  SE  .V  SE  I  SE  F  df  P  Isdb 
Physical width (m) 
Stream  6.3  0.4  6.7  2.4  5.1  0.4  0.32  2,9  0.734 
Riparian zone  483.4  43.8  494.6  22.6  583.1  96.9  0.76  2,9  0.497 
Riparian shrub  0.0  0.0  43.2  7.5  68.2  4.9  7.85  1,6  0.031  xab 
' Balanced one-way ANOVA with three treatments: herbaceous, discontinuous shrub, and continuous shrub (n = 12 transects). Test statistics in bold-italicized type are 
based on the transformed (1 = natural log, s = square root) response variable. 
Least significant difference test for significant F values (P < 0.10). Letters signify treatments while different letters within rows represent significantly different 
treatment means (P < 0.10). x = treatment excluded from model. 
Rose was found (<0.1%) in discontinuous and continuous willow communities only and Mackenzie willow was found (<0.1%) in the continuous willow community 
only. 
d Riparian zone and shrub widths include the left and right bank from the active stream channel edge. 25 
found only in the continuous and discontinuous willow communities. Willow cover was 
3.2 times greater in the continuous willow community than in the discontinuous willow 
community. Willow composition in the discontinuous willow community was 53.7% 
blueberry willow and 46.3% geyer willow whereas willow composition in the continuous 
willow community was more diverse, consisting of 66.4% blueberry willow, 20.9% geyer 
willow, 11.3% drummond willow, 1.3% Lemmon's willow, and <0.1% Mackenzie 
willow. 
Willow regeneration was greater in the continuous willow community than in the 
discontinuous willow community; however, I was unable to demonstrate a statistically 
significant difference (P = 0.271, 1  (. 0.30) between the vegetation communities 
(Table 2). No regenerating willows were observed in the herbaceous community. 
Spatially, willows extended further from the stream channel in the continuous willow 
community than in the discontinuous willow community. Riparian zone and stream 
widths were similar among riparian vegetation communities, averaging 6.0 m (SE = 0.8, 
range 2.5-10.9) and 520 m (SE = 35, range 348-754), respectively. 
Herbaceous and Other Ground Cover 
Structurally, herbaceous cover was greater in both the herbaceous and 
discontinuous willow communities than in the continuous willow community (Table 3) 
reflecting the decline in shrub cover (Fig. 4). Height of grasses and fortis was greater in 
the continuous willow community than in the herbaceous and discontinuous willow 
communities whereas sedge height was greatest in the continuous and discontinuous 
willow communities. Height of rushes did not differ among riparian vegetation Table 3. Herbaceous and other habitat attributes in riparian vegetation communities characterized by vegetation structure (herbaceous, 
discontinuous willow, continuous willow) in Bear and Silvies valleys, Grant County, Oregon, 1993-94. 
Habitat attribute 
Herbaceous
i  SE 
Discontinuous willow 
I  SE 
Continuous willow 
i- SE  Effects  F 
Test statisticsb 
df  P  lsd` 
Structure 
Vegetation cover (%) 
herbaceous  72.5  2.6  77.7  2.6  61.3  3.5  T  7.62  2,9  0.012  aab 
Y  3.04  1,8  0.119 
T*Y  0.17  2,8  0.847 
Height (cm) 
Grasses  35.2  3.1  44.1  3.4  63.5  6.5  T  8.35  2,9  0.009  aab 
Y  7.75  1,8  0.024 
T*Y  0.08  2,8  0.921 
Forbs  17.5  1.3  21.8  1.1  28.1  0.8  T  103.44  2,9  <0.001  abc 
Y  2.49  1,8  0.153 
T*Y  2.24  2,8  0.169 
Rushes  44.1  4.4  39.1  2.6  44.6  4.0  T  0.29  2,8  0.755 
Y  0.01  1,5  0.928 
T*Y  0.87  2,5  0.474 
Sedges  38.3  3.7  48.9  2.7  56.2  1.3  T  6.50  2,9  0.018  abb 
Y  0.01  1,8  0.928 
T*Y  0.47  2,8  0.643 
Composition 
Vegetation cover (%) 
Grasses  42.0  2.0  34.9  3.1  22.8  4.8  T  4.70  2,9  0.004  a(ab)b 
Y  4.44  1,8  0.068 
T*Y  2.95  2,8  0.110 
Forbs  25.6  2.7  32.6  2.2  22.5  3.1  T  3.98  2,9  0.058  aba 
Y  0.00  1,8  0.951 
T*Y  0.58  2,8  0.583 
Rushes  2.0 
d  1.0  1.4  1.0  0.1  0.1  T  2.18  2,9  0.169  aaa/aab 
3.1  0.9  2.7  1.0  0.6  0.3  Y  49.54  1,8  <0.001 
T*Y  3.63  2,8  0.076 
Sedges  2.5  0.4  8.0  1.3  15.7  2.6  T  9.14  2,9  0.007  abc 
Y  0.00  1,8  0.967 
T*Y  1.76  2,8  0.233 Table 3. Continued. 
Herbaceous  Discontinuous willow  Continuous willow  Test statistics' 
Habitat attribute  I  SE  I  SE  .)7  SE  Effect'  F  df  P  is& 
Other cover (%)` 
Litter  7.0  1.6  5.8  1.6  10.4  1.9  T  5.04  2,9  0.034  aab 
Y  7.45  1,8  0.026 
T*Y  0.58  2,8  0.580 
Bare soil  15.9  1.8  9.8  2.6  3.8  1.4  T  14.41  2,9  0.002  abc 
Y  31.10  1,8  0.001 
T*Y  1.33  2,8  0.318 
T = treatment effect; Y = year effect; T*Y = treatment-by-year interaction. 
b Completely randomized Split-plot ANOVA in time with transect as the error term to test treatment effect and residual as the error term to test  year and treatment-by-year 
interaction effect. Sample size/vegetation community = eight, seven, and eight, respectively (n = 23). Test statistics in bold-italicized type are based on the natural log-
transformed response variable. 
`Least significant difference test for significant F values (P < 0.10). Letters signify treatments while different letters within rows represent significantly different treatment 
means (P < 0.10). x = treatment excluded from model. 
Means for species with significant (P < 0.10) treatment-by-year interaction effects are reported by year 1993, 1994. 
Standing water and woody debris ground cover combined, comprised 3.7% in the herbaceous community, 2.4% in the discontinuous willow community, and 4.7% in the 
continuous willow community. 28 
communities. Herbaceous vegetation cover and height were consistent between years 
with the exception of grass height, which averaged 12.4 ± 4.0 cm (z ± SE) greater during 
1993 than 1994, most likely as a result of the difference in cumulative precipitation 
(Fig. 2). 
In relation to composition, grass cover was greater in the herbaceous community 
than in the continuous willow community, but neither was different from the 
discontinuous willow community (Table 3). Bare soil cover was greatest in the 
herbaceous community whereas sedge and litter cover were greatest in the continuous 
willow community. Forb cover was greater in the discontinuous willow community than 
in both the herbaceous and continuous willow communities. I detected a significant 
treatment-by-year interaction effect for rush cover with (1) relatively uniform cover 
among communities in 1993, and (2) greater cover in the herbaceous and discontinuous 
willow communities than in the continuous willow community in 1994. Cover of forbs 
and sedges were similar between 1993 and 1994. Grass, rush, and litter cover increased 
in 1994 averaging 3.8 ± 2.4%, 1.0 ± 0.2%, and 5.4 ± 1.9% more than in 1993, 
respectively. Percent bare soil decreased in 1994 averaging 6.8 ± 1.3% less than in 1993. 
Birds 
In 1993 and 1994, a total of 6,030 detections were recorded on all visits to 
transects representing 7,707 birds and 64 species (see Appendix A). After truncating 
detections outside of the restricted sampling area (<40 m from sample points along 
transects) and excluding the double-crested cormorants, the data set included 53% of the 29 
detections (3,184), 52% of the birds (4,016), and 88% of the species (56). Seven species 
(American kestrel [Falco sparverious], common nighthawk [Chordeiles minor], common 
raven [Corvus corax], golden eagle [Aquila chrysaetos], osprey [Pandion haliaetus], red-
tailed hawk [Buteo jamaicensis], and turkey vulture [Cathartes aura]) excluded from the 
analysis as a result of restricting the sampling area, were detected only in flight, and, with 
the exception of the common nighthawk, were assumed not to be associated with any 
particular riparian vegetation community. Twenty-three species had >20 individual 
detections during 1993 and 1994 combined and accounted for 95% of the bird detections 
(Table 4). The six most abundant species (red-winged blackbird [Agelaius phoeniceus], 
savannah sparrow [Passerculus sandwichensis], yellow warbler [Dendroica petechia], 
Brewer's blackbird [Euphagus cyanocephalus], song sparrow [Melospiza melodia], and 
willow flycatcher [Empidonax traillii]) accounted for 75% of the bird detections. 
Total bird abundance was greater in the continuous willow community than in the 
herbaceous and discontinuous willow communities (Table 4). I detected a significant 
treatment-by-year interaction effect for species richness with (1) the greatest number of 
species detected in the discontinuous and continuous willow communities in 1993, (2) the 
greatest number of species detected in the continuous willow community in 1994, and (3) 
between 1993 and 1994, fewer species detected in the discontinuous willow community 
and more species detected in the continuous willow community. The continuous willow 
community had 2.0 times more individual birds detected during four visits/transect/year 
than in the herbaceous community and 2.2 times more than in the discontinuous willow 
community. Total bird abundance was greater (15.2 ± 8.5) in 1993 than in 1994. Table 4. Diurnal breeding bird species abundance, total bird abundance, and species richness with individual and interactive effects of 
treatment (herbaceous, discontinuous willow, continuous willow) and year (1993, 1994) in riparian habitats of Bear and Silvies 
valleys, Grant County, Oregon, 1993-94." 
Herbaceous  Discontinuous willow  Continuous willow  Test statistics' 
Species' 
_ c 
























T*Y  5.47  2,8  0.032 
Savannah sparrow  42.3  4.1  29.3  2.1  14.6  2.9  T  12.84  2,9  0.002  abc 
Y  0.67  1,8  0.437 
T*Y  0.59  2,8  0.575 
Yellow warbler  0.0  0.0  9.0  0.7  63.4  4.9  T  248.50  1,6  <0.001'  xab 
Y  0.11  1,5  0.752 
T*Y  1.21  1,5  0.322 
Brewer's blackbird  20.4  5.6  21.7  9.1  14.6  6.6  T  0.17  2,9  0.847 
Y  4.27  1,8  0.073 
T*Y  1.64  2,8  0.253 









T*Y  2.07  1,5  0.210 
Willow flycatcher  0.0  0.0  1.0  0.6  29.4  3.1  T  57.59  1,6  <0.001'  xab 
Y  1.63  1,5  0.258 
T*Y  0.33  1,5  0.591 
Brown-headed  0.0  0.0  7.3  2.8  5.3  2.0  T  1.63  1,6  0.249' 
cowbird  Y  22.85  1,5  0.005 
T*Y  0.48  1,5  0.519 
American robin  0.0  0.0  0.3  0.3  10.0  2.0  T  75.31  1,6  <0.00f  xab 
Y  7.60  1,5  0.040 
T*Y  2.66  1,5  0.164 
Wilson's  5.0  1.8  0.3  0.3  3.0  1.6  T  2.74  2,9  0.118 
phalarope  Y  4.41  1,8  0.069 
T*Y  1.80  2,8  0.226 
Willet  4.1  1.4  4.0  1.0  0.5  0.3  T  6.98  2,9  0.015'  aab 
Y  0.30  1,8  0.597 
T*Y  1.33  2,8  0.317 
Cinnamon teal  4.8  0.9  0.7  0.3  2.3  0.6  T  4.67  2,9  0.041'  ab(ab) 
Y  1.36  1,8  0.278 




























































































































































































































0.145 Table 4. Continued 
Herbaceous  Discontinuous willow  Continuous willow	  Test statistics` 
_ ,
Species'  x  SE  I  SE  I  SE  Effect'  F  df  P  lsdr 
Green-winged teal  0.9  0.3  0.7  0.4  1.0  0.5  T  0.09  2,9  0.915 
Y  0.34  1,8  0.574 
T*Y  2.23  2,8  0.170 
Total abundance  130.0  3.7  122.4  12.4  264.9  11.7  T  25.37  2,9  <0.001'  aab 
Y  4.07  1,8  0.078 
T*Y  1.64  2,8  0.253 
Richness (S)  14.0  1.1  18.7  0.9  18.0  1.5  T  10.33  2,9  0.005'  abb/aab 
15.0	  0.6  14.8  1.4  23.0  1.6  Y  0.49  1,8  0.505 
T*Y  5.35  2,8  0.034 
Data represents species in order of abundance with >20 total individual bird detections in 1993 and 1994 and community measures for all species with >1 detection; all 
<40 m from sample points along transects. 
See Appendix A for scientific names. 
Mean number of birds detected during four visits/transect (eight sample points)/year; n/vegetation community = eight, seven, and eight, respectively (n = 23). Means for 
species with significant (P < 0.10) treatment-by-year interaction effects are reported by year (1993, 1994). 
T = treatment effect; Y = year effect; T*Y = treatment-by-year interaction. 
Completely randomized Split-plot ANOVA in time with transect as the error term to test treatment effect and residual as the error term to test year and treatment-by-year 
interaction effect. Test statistics in bold-italicized type are based on the transformed (i = inverse, 1 = natural log, s = square root) response variable. 
Least significant difference test for significant F values (P < 0.10). Letters signify treatments while different letters within rows represent significantly different treatment 
means (P < 0.10). x = treatment excluded from model. 33 
Breeding bird communities among riparian vegetation communities exhibited 
similar species turnover rates (herbaceous, 52.2 ± 3.3%, n = 4; discontinuous willow, 
51.8 ± 2.2%, n = 3; continuous willow, 52.1 ± 2.2%, n = 4; F = 0.006; 2, 8 df; P = 0.994). 
However, bird communities were dissimilar in species composition (Jaccard's Index) and 
community structure (Percent Similarity) (Table 5). Eighty-six percent of the total 56 
bird species were detected in the continuous willow community compared to 71% in the 
discontinuous willow community and only 48% in the herbaceous community. The 
continuous willow community exclusively contributed 25% (14/56) of the species 
whereas 9% (5/56) were exclusive to the discontinuous willow community, and 2% 
(1/56) were exclusive to the herbaceous community Furthermore, of the species detected 
along transects in only two riparian vegetation communities, 77% (10/13) were absent 
from the herbaceous community. The one species (hooded merganser [Lophodytes 
cucullatus]) exclusive to the herbaceous community had only two total detections (mean 
cluster size = 8.5 birds, [one adult plus brood]). Four of the five species exclusive to the 
discontinuous willow community (black-crowned night-heron [Nycticorax nycticorax], 
long-eared owl [Asio otus], Townsend's solitaire [Myadestes townsendi], and Wilson's 
warbler [Wilsonia pusilla]) had <2 total detections whereas the vesper sparrow 
(Pooecetes gramineus) had five total detections. Eight of the 14 species exclusive to the 
continuous willow community (American bittern [Botaurus lentiginosus], dark-eyed 
junco [Junco hyemalis], mourning dove [Zenaida macroura], northern goshawk 
[Accipiter gentilis], sora [Porzana carolina], Virginia rail [Rallus limicola], wood duck 
[Aix sponsa], and yellow-rumped warbler [Dendroica coronata]) had <2 total detections 
while six species (black-billed magpie [Pica pica], bobolink [Dolichonyx oryzivorus], 34 
Table 5. Breeding bird community composition and structure comparisons based on 
similarity indices (Jaccard's Coefficient of Community Similarity, Percentage of 
Similarity) between riparian vegetation communities characterized by vegetation 
structure (herbaceous, discontinuous willow, continuous willow) in Bear and Silvies 
valleys, Grant County, Oregon, 1993-94. 
Percent similarity 
Community comparison  1993  1994 
Composition 
Jaccard's Coefficient 
herbaceous vs discontinuous shrub  54.3  41.7 
herbaceous vs continuous shrub  51.5  44.4 
discontinuous shrub vs continuous shrub  56.1  42.9 
Structure 
Percent Similarity 
herbaceous vs discontinuous shrub  62.2  55.5 
herbaceous vs continuous shrub  41.7  30.7 
discontinuous shrub vs continuous shrub  40.3  54.8 35 
common merganser [Mergus merganser], northern flicker [Colaptes auratus], sandhill 
crane [Grus canadensis], and western tanager [Piranga ludoviciana]) had >3 total 
detections. 
Individually, 13 of 23 bird species with >20 total individual detections during 
1993 and 1994 combined were most abundant in one or two of the three riparian 
vegetation communities (Table 4). Of those 13 species, 10 species were most abundant in 
one vegetation community, either the herbaceous or continuous willow. Seven species 
(yellow warbler, song sparrow, willow flycatcher, American robin [Turdus migratorius], 
common snipe [Gallinago gallinago], bobolink, and Vaux's swift [Chaetura vauxi]) were 
most abundant in the continuous willow community and three species (savannah sparrow, 
black tern [Chlidonias niger], and American wigeon [Anas americana]) were most 
abundant in the herbaceous community. Two species were most abundant in two 
vegetation communities. Willets (Catoptrophorus semipalmatus) were most abundant in 
the herbaceous and discontinuous willow communities whereas cinnamon teal (Anas 
cyanoptera) were most abundant in the herbaceous and continuous willow communities. 
I detected a significant treatment-by-year interaction effect for red-winged blackbird 
abundance with (1) the greatest abundance detected in the continuous willow community 
in 1993, (2) the greatest abundance detected in the continuous willow and herbaceous 
communities in 1994, and (3) between 1993 and 1994, fewer red-winged blackbirds 
detected in the continuous willow community. 
With the exception of the American robin, relative bird abundance among the 
vegetation communities for the 13 aforementioned species was consistent between years. 
I detected a significant year effect for the American robin with more (2.9 ± 1.5) birds 36 
detected in 1993 than in 1994. Six species not demonstrating greater abundance in any 
riparian vegetation community had a significantly different number of individual 
detections between years. Three species (brown-headed cowbird [Molothrus ater], 
mallard [Anas platyrhynchos], and northern rough-winged swallow [Stelgidopteryx 
serripennis]) increased in abundance (6.5 ± 2.2, 2.4 ± 1.2, and 3.7 ± 2.3, respectively) 
while three species (Brewer's blackbird, Wilson's phalarope [Phalaropus tricolor], and 
cliff swallow [Hirundo pyrrhonota]) decreased in abundance (7.9 ± 4.3, 3.3 ± 1.5, and 3.7 
± 1.2, respectively) from 1993 to 1994. 
Willow volume seemed to explain variation in bird community measures (total 
abundance and species richness) and riparian-shrub associate bird species abundance. 
Total bird abundance increased with willow volume during 1993 and 1994 (Fig. 5). 
Species richness increased with willow volume in 1994; however, I was unable to 
demonstrate a similar relationship in 1993 (Fig. 6). Shrub and ground-shrub nesting bird 
species, including the willow flycatcher, yellow warbler, and song sparrow, increased 
with willow volume (r2 > 0.721; P < 0.008) (Fig. 7). These three species known to 
depend almost exclusively on riparian shrubs for nesting habitat in the arid and semiarid 
West greatly decreased in abundance along transects where willow volume was 
<5,000 m3/ha and were not detected at sites where willow volume was <1,187 m3/ha 
(Fig. 7). 37 
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Figure 5. Linear regression of bird abundance on willow volume with 95% prediction 
intervals (dotted lines) and 95% confidence intervals of the mean (dashed lines) along 
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Figure 6. Linear regression of species richness on willow volume with 95% prediction 
intervals (dotted lines) and 95% confidence intervals of the mean (dashed lines) along 
streamside transects in riparian zones of Bear and Silvies valleys, Grant County, Oregon, 
1993-94. 39 
Figure 7. Linear regression of shrub nesting riparian-associate bird species abundance on 
willow volume with 95% prediction intervals (dotted lines) and 95% confidence intervals 
of the mean (dashed lines) along streamside transects in riparian zones of Bear and 
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DISCUSSION  
Birds and Vegetation 
Bird Abundance and Species Richness 
Riparian vegetation is typically unique within a valley landform as a result of the 
continuous and dynamic interactions among hydrologic, geomorphic, and biotic 
processes (Gregory et al. 1991). Resulting streamside plant communities generally form 
an array of highly productive, biologically diverse, and structurally complex habitats, 
which support large aggregations of breeding birds and riparian-dependent bird species 
(Carothers and Johnson 1975, Gaines 1977, Hubbard 1977, Kauffman and Krueger 1984, 
Strong and Bock 1990). Carothers and Johnson (1975) reported that riparian zones may 
provide habitat to the largest number of breeding birds and dependent bird species in 
North America. I found that streamside riparian areas characterized by structurally 
complex continuous willows support greater bird abundance and more bird species than 
streamside riparian areas characterized by less complex vegetation structure. Vegetation 
structure is correlated with bird abundance and species richness (MacArthur and 
MacArthur 1961, Balda 1975, Hurst et al. 1980, Meents et al. 1981, Taylor 1986, Mills et 
al. 1991, and others). 
Livestock grazing will alter the composition and structure of riparian vegetation, 
and therefore the capacity of riparian habitats to support large numbers of breeding birds 
and bird species. Studies comparing riparian zones with similar or subtle differences in 42 
vegetation structure have reported equivalent bird abundance (Sedgwick and Knopf 1987; 
Medin and Clary 1990, 1991; Clary and Medin 1993) and species richness (Medin and 
Clary 1991, Clary and Medin 1993) between habitats. In contrast, Medin and Clary 
(1990) reported the greatest number of species in habitat with the least complex 
vegetation structure; however, their results can be attributed to the dominant presence of 
shorebirds demonstrating a preference for more open areas, and to the characteristics of 
the most complex vegetation community being composed of herbs and sagebrush 
<0.35 m in average height. Studies comparing riparian zones with substantially different 
vegetation structure have reported the greatest bird abundance (Crouch 1982, Mosconi 
and Hutto 1982, Taylor 1986) and species richness (Page et al. 1978, Taylor 1986) in 
habitats with the most complex vegetation structure. Conversely, Schulz and Leininger 
(1991) found equal bird abundance between habitats with different vegetation structure. 
However, their results may be misleading because 48% of the bird species had <2 total 
observations along 14 100-m riparian transects surveyed 10 times each, 76% had <5 
observations, and riparian shrubs seemed to extend <10 m from the stream edge. 
Individual Species 
Habitat use by birds is likely to be a combined result of mechanisms operating at 
various spatial scales including geographical or historical habitat availability, innate 
instructions inherited from relatively successful ancestors, previous experience, and 
individual exploration (Burger 1985, Hutto 1985). Habitat selection can be viewed as a 
hierarchical decision-making process on a spatial scale of resolution from migratory route 
to geographical area, habitat, territory, and microhabitat. A habitat, as stated by Hutto 43 
(1985:456), is "a spatially contiguous vegetation type that appears more or less 
homogeneous throughout and is physiognomically distinctive from other such types." 
Habitat use is generally believed to reflect innate or learned responses to some proximate 
environmental cues (e.g., vegetation composition and structure) that are correlated with 
the availability of ultimately important resources such as food, cover, water, and perch 
and nest sites (Burger 1985, Hutto 1985). 
Individual abundance of birds with >20 total individual detections seemed to 
reflect the vegetation composition and structure among the three communities relative to 
known species-specific habitat needs (Bock et al. 1993) (Appendix B). Bird species that 
nest in shrubs or small trees, the willow flycatcher, yellow warbler, and American robin, 
were most abundant in the continuous willow community, found in low numbers in the 
discontinuous willow community, and absent from the herbaceous community. The 
relative abundance of these three species seemed to reflect the willow volume, and the 
associated habitat resources, within each of the vegetation communities. Brown-headed 
cowbirds were relatively abundant in the continuous and discontinuous willow 
communities and absent in the herbaceous community, which may have been in response 
to the cowbird's parasitic nesting behavior and the presence of host species (especially 
the willow flycatcher and yellow warbler). 
Two bird species known to nest in herbaceous and shrub vegetation responded 
differently among the three riparian vegetation communities. Song sparrows were most 
abundant in the continuous willow community and absent from the herbaceous 
community, demonstrating an affinity to dense vegetation cover and specifically willows. 44 
Brewer's blackbirds were uniform in abundance across vegetation communities, 
demonstrating a lack of specificity for shrub height or willows over sagebrush. 
Bird species that nest in flooded sedges, rushes, or grasses, the red-winged 
blackbird and bobolink, were more abundant in the continuous willow community. 
Bobolinks were present in the continuous willow community and absent from the 
summer-grazed herbaceous and discontinuous willow communities, demonstrating their 
affinity for flooded tall and voluminous grass. Red-winged blackbirds were most 
abundant in the continuous willow community and least abundant in the discontinuous 
willow community, reflecting the availability of flooded streamside sedge and rush 
habitat as well as that created away from the stream channel by irrigation ditches or a 
high water table. 
Abundance of ground-nesting species was inconsistent among riparian vegetation 
communities. Western meadowlarks (Sturnella neglecta) were equally abundant among 
riparian vegetation communities, reflecting their association with upland rather than 
streamside vegetation. Savannah sparrow abundance was inversely correlated with the 
complexity of vegetation structure, being most abundant in the herbaceous community 
and least abundant in the continuous willow community. Savannah sparrows seem to 
have an affinity for dense ground cover and prefer idle or lightly grazed areas (Kantrud 
1981). The greater abundance of savannah sparrows in the herbaceous community than 
in the discontinuous and continuous willow communities may have been in response to 
their affinity to herbaceous ground cover or reduced resource competition with song 
sparrows, or both. 45 
The herbaceous community, characterized as open with low areas of standing 
water from nearby irrigation ditches, provided habitat for the largest number of ground-
nesting shorebird and waterfowl species. Willets, cinnamon teal, black terns, and 
American wigeon were most abundant in the herbaceous community, whereas Wilson's 
phalaropes, mallards, and green-winged teal (Anas crecca) were equally abundant among 
all three vegetation communities. Common snipe were most abundant in the continuous 
willow community, reflecting the availability of flooded sedge and rush habitat resulting 
from stream flow, irrigation ditches, or the seemingly high water table. 
Cliff swallows, barn swallows (Hirundo rustica), and northern rough-winged 
swallows represented cliff, cave, bank, or unnatural structure nesters and were uniform in 
abundance among vegetation communities. Also uniform among vegetation communities 
were tree swallows (Tachycineta bicolor)secondary cavity nesters probably transient 
among riparian communities. Vaux's swifts, also secondary cavity nesters, were most 
abundant in the continuous willow community. The abundance of Vaux's swifts in the 
continuous willow community seemed to be in response to forage availability, as I 
observed a high density of flying insects associated with the continuous willow 
community. 
Comparative studies of differentially grazed or grazed versus ungrazed riparian 
zones have reported similar species' abundance patterns to those that I found in relation 
to vegetation composition and structure, nesting requirements, and habitat specificity 
(Crouch 1982; Mosconi and Hutto 1982; Taylor 1986; Sedgwick and Knopf 1987; Medin 
and Clary 1990, 1991; Bock et al. 1993). In general, shorebirds and waterfowl, preferring 
open water saturated areas, have been shown to benefit from livestock grazing (Crouch 46 
1982, Mosconi and Hutto 1982, Medin and Clary 1990, Bock et al. 1993), whereas 
passerine birds, preferring dense shrub or herbaceous ground cover, have been shown to 
be negatively impacted by livestock grazing (Crouch 1982; Mosconi and Hutto 1982; 
Taylor 1986; Sedgwick and Knopf 1987; Medin and Clary 1990, 1991; Bock et al. 1993) 
because livestock grazing reduces total vegetation cover. 
I found that some bird species, not exclusive to species with >20 individual 
detections, were present in only one of the riparian vegetation communities. The 
occurrence of a bird species in only one vegetation community may be a misleading 
indicator of the importance of that habitat to the species. A conservative estimate of 
species present at a particular site, such as including only species with >2 detections 
during 1993 and 1994 combined, would eliminate all species listed as exclusive in the 
herbaceous and discontinuous willow communities; except the vesper sparrow (Appendix 
A). The vesper sparrow could be eliminated because it is an upland associate, probably 
detected from a nearby upland grass-sagebrush plant community. This conservative 
approach may be more desirable for analyzing bird species exclusive to a plant 
community, because it will account for bird species that are transient in, and not 
dependent on, that habitat. Restricting the analysis in this way reveals that six bird 
species are exclusive to the continuous willow community and none to the herbaceous 
and discontinuous willow communities. Still, inferences based on the conservative 
approach may not identify the relative importance of habitat to a species. For example, 
bird species that are dependent on riparian habitats in the semiarid West may occur in 
more than one habitat type; however, their abundance, reproductive success, and survival 
probability within each community may differ dramatically. 47 
Riparian Associate Bird Species 
I identified three species, the willow flycatcher, yellow warbler, and song 
sparrow, that were detected within riparian areas of Bear and Silvies valleys, and are 
associated with riparian areas almost exclusively (Bent 1942, 1955; Grinnel and Miller 
1944; King 1955; Salt 1957; Dickerman 1963; Ficken and Ficken 1966; Walkinshaw 
1966; Taylor 1986; Taylor and Littlefield 1986; Knopf and Sedgwick 1992; Sedgwick 
and Knopf 1992). Throughout their range, these species typically require riparian shrub-
or small tree-dominated thickets. Although the willow flycatcher, yellow warbler, and 
song sparrow occur under both mesic and xeric environments in various vegetation 
communities, the greatest densities of these species have been reported in mesic shrub-
dominated thickets close to surface water. 
Abundance of riparian-associate bird species within riparian areas of various 
contiguous and uniform vegetative conditions may be an adequate indicator of the 
relative habitat suitability on a large scale (greater than size of a territory) (Sedgwick and 
Knopf 1992). Under the ideal free distribution theory (without exploitation and 
interference competition), birds select habitats with the highest quality resources based on 
the greatest probability of reproductive success (Fretwell and Lucas 1969). Willow 
flycatchers, yellow warblers, and song sparrows were most abundant along streamside 
riparian areas characterized by continuous willows, present in low numbers along 
streamside areas characterized by discontinuous willows, and absent from streamside 
areas characterized by herbaceous vegetation. Riparian-associate bird species seemed to 48 
be highly correlated with streamside willow volume, most likely in response to the 
associated foraging and nesting sites, and other important habitat resources. 
My results, demonstrating the correlation between riparian-associate bird species 
abundance and streamside willow volume, compare favorably to results reported by 
others. Taylor (1986) reported that willow flycatchers, yellow warblers, and song 
sparrows were most abundant in, or limited to, structurally complex willow-dominated 
riparian zones in the Malheur National Wildlife Refuge, southeastern Oregon. Sedgwick 
and Knopf (1992) reported that willow flycatchers were consistently associated with the 
abundance, density, and coverage of willows at the microplot (central and four adjacent 
willows), mesoplot (0.07 ha), and macroplot (territory size [0.32 ha]) scale in the 
Arapaho National Wildlife Refuge, north central Colorado. Knopf et al. (1988) reported 
that willow flycatchers are habitat specialist (stenotopic) within willow-dominated 
riparian zones and appeared intolerant of changes in vegetation structure. Knopf et al. 
(1988) however, reported similar densities of yellow warblers and song sparrows between 
structurally different "healthy "and "decadent" willow-dominated riparian zones. The 
similar densities they reported between habitats may be a function of the low contrast in 
vegetation structure between riparian zones; both were structurally complex and not 
dramatically different from each other. 
Distribution of riparian shrubs may be the most important factor determining 
habitat suitability for riparian-associate breeding bird species. Sedgwick and Knopf 
(1992) reported willow habitat attributes that distinguished willow flycatcher nest or 
perch sites from unused sites: (1) smaller distances between willows and greater willow 
densities, (2) larger willow patches and smaller gaps, and (3) greater percent willow cover 49 
and less non-shrub cover. Knopf and Sedgwick (1992) reported similar willow habitat 
attributes in distinguishing yellow warbler nest-site selection from randomly selected 
sites: (1) relatively greater willow heights, (2) uniformity of adjacent closely spaced 
willows, (3) greater maximum willow-canopy radius, and (4) willows with more total 
stems and greater stem density. 
A Landscape-level Perspective 
From a landscape-level perspective, riparian zones are important areas for 
management because they provide habitat for avian species and contribute to biological 
diversity. The primary indicators of the importance of riparian zones in contributing to 
landscape-level avian diversity are the greater bird abundance, richness of species, and 
the unique assemblage of bird species when compared to the adjacent uplands (Carothers 
and Johnson 1975, Gaines 1977, Hubbard 1977, Kauffman and Krueger 1984). The 
contrast of vegetation structure and composition between streamside and upslope areas 
largely determines the gradient of bird abundance and species richness between these two 
habitats. In arid and semiarid rangeland environments of the western United States, there 
are numerous examples of the greater abundance and richness of bird species in shrub- or 
tree-dominated riparian habitats when contrasted to the adjacent upland habitats, and 
therefore, the importance of riparian habitats to avian biological diversity at the landscape 
level (Carothers et al. 1974, Carothers and Johnson 1975, Hubbard 1977, Szaro 1980, and 
others). Thomas et al. (1979) reported that 240 (91%) of the 263 bird species known to 
occur in the Blue Mountains of eastern Oregon are either directly dependent on or use 
riparian habitats more than any other habitat. Gaines (1977) reported that cottonwood-50 
(Populus spp.) willow riparian forest of the Sacramento River Valley had as great or 
greater bird species richness, diversity, and density of any other habitat in California, and 
that 43% of the bird species found there have a primary affinity for riparian forests. 
The importance of riparian areas to landscape-level avian abundance and 
biological diversity is less evident when contrasted with adjacent forested or relatively 
complex vegetation community structures. Murray and Stauffer (1995) reported similar 
bird species abundance and richness along a gradient from streamside to adjacent upslope 
habitats in a deciduous dominated forest in southwestern Virginia. McGarigal and 
McComb (1992) reported greater bird species abundance and richness in upslope rather 
than streamside habitats in a moist coniferous-deciduous forest of western Oregon. Both 
researchers, however, reported >2 species unique to riparian zones, consistent with the 
importance of riparian areas to landscape-level biological diversity. 
Vegetation and Livestock Grazing 
Livestock often prefer and spend a disproportionate amount of time in riparian 
zones because of the high productivity (high herbaceous quality, quantity, and diversity), 
favorable microclimate, shade, easy accessibility, and the generally reliable presence of 
water (Ames 1977; Severson and Bo ldt 1978; Skov lin 1984; Medin and Clary 1990, 
1991). Excessive use of livestock may reduce the functional role of riparian vegetation in 
providing avian habitat, as well as dissipation of stream energy, channel stability, stream 
shade, temperature control, nutrient cycling, litter and woody debris source, filtering, 
sediment deposition and storage, water storage and release, and water purification 51 
(Kauffman and Krueger 1984, Beschta 1991, Kovalchik and Elmore 1992). Potential 
impacts to riparian vegetation induced by livestock include (1) compaction of soil, which 
increases runoff and decreases water availability to plants; (2) herb and shrub 
consumption, which lowers plant vigor, production, and changes competitive interactions 
among species; (3) physical damage to vegetation by rubbing, trampling, and browsing; 
and (4) changes in fluvial processes, which may lower water tables or cause a decline in 
invasion sites for woody vegetation (Glinski 1977, Severson and Bo ldt 1978, Kauffman 
and Krueger 1984, Kauffman 1987, Brady et al. 1985). Cumulative impacts may 
completely sever the linkage between aquatic and terrestrial components of the riparian 
ecosystem. The impact of livestock grazing on riparian habitats is directly related to 
current ecological condition, susceptibility to change, site potential, and livestock 
management. 
Characteristics of each riparian vegetation community under its respective 
livestock management strategy may provide insight into the compatibility of these 
strategies with the maintenance of willow-dominated riparian vegetation. Relationships 
between livestock grazing strategies and the current vegetation community must be 
evaluated with caution however, because of the difficulty in distinguishing between 
livestock, historical land-use, site potential, and upstream influences on vegetation 
communities. The fall-grazed continuous willow community seemed to exhibit 
characteristics of a maintainable willow community based on the prevalence of willow 
cover, composition of shrubs that are hydrophytic or mesic environment associates, and 
the relatively high number of regenerating willows. The discontinuous willow 
community under a summer short-duration grazing strategy exhibited lower willow 52 
cover, greater composition of shrubs (sagebrush) that are upland or xeric environment 
associates, and seemingly fewer regenerating willows than the continuous willow 
community. Willow regeneration was 5.5 times greater in the continuous willow 
community than in the discontinuous willow community; however, I was unable to 
demonstrate a statistically significant difference because of the high variability in counts 
of regenerating willow along streamside transects. The continuous willow community 
had few streamside areas that were not dominated by mature willow, although an 
occasional open gravel bar would support a density of regenerating willow as high as 
20/m2. The discontinuous willow community had a high number of open streamside 
areas or potential invasion sites, but few regenerating willows. Although the 
maintainability of the willow vegetation in the discontinuous willow community seems 
questionable, the changing trend of these streamside areas from mesic to xeric conditions 
or vice versa is unknown. The herbaceous community, grazed under a summer season-
long strategy, is composed of streamside shrubs that are upland or xeric environment 
associates, and currently does not support mature willows or willow regeneration. 
Unclear is whether the lack of willow regeneration along stream banks is a function of 
site unsuitability (i.e., high silt content) or summer season-long grazing. Kovalchik and 
Elmore (1992), observing grazing effects on willow-dominated plant associations in 
central Oregon, reported that grazing on first-year willow shoots kills the entire plant 
because the plants are easily pulled from the ground or are killed by trampling. 
Excessive herbivore use of willows has generally been associated with the 
alteration of willow-dominated plant community structure and cover (Kauffman and 
Krueger 1984). Willow twigs generally have low variability in crude protein content 53 
(about 7%) from early to late summer (Thilenius 1990), which makes willows a palatable 
forage resource as protein rich (about 15-17%) herbaceous forage becomes scarce or 
relatively low in palatability (Kovalchik and Elmore 1992). Taylor (1986) found that the 
longer the time period since a streamside area was last grazed correlated with increases in 
willow volume and willow heights in eastern Oregon. Kovalchik and Elmore (1992) 
estimated that cattle begin using current annual willow growth when total available 
riparian forage use reaches about 45% (10- to 15-cm stubble height), increase again at 
65% (5-10 cm), and cattle eat all the willows they can when use is 85% (<5 cm) or more. 
Knopf and Cannon (1982) reported that cattle altered the shape, size, volume, and number 
of live and dead stems of willows, as well as their spacing. 
My study suggests that fall short-duration grazing may be most compatible with 
the maintenance of willow-dominated riparian vegetation given the present vegetation 
community composition and structure under the three livestock grazing strategies 
(summer season-long, summer short-duration, and fall short-duration); although I cannot 
infer a cause and effect relationship. The compatibility of the fall short-duration grazing 
strategy may have been in response to light use as well as season of use. Clary and 
Webster (1989) suggested that the level of use occurring on a site may be the most 
important consideration in terms of vegetation integrity. Fall grazing, however, may be 
damaging to willow vegetation if succulent herbaceous vegetation is depleted because 
livestock may shift to browsing shrubs (especially willows) before leaf drop (Bock et al. 
1993). 
Previous research on the effects of livestock grazing on riparian areas has relied 
primarily on variously grazed sites compared to sites that have been rested from grazing 54 
for some period of time. Some researchers suggest that no livestock grazing strategy 
other than livestock exclusion by fencing has had any significant effect on the recovery or 
maintenance of natural riparian vegetation (Ames 1977, Davis 1977, Kindschy 1978, 
Behnke 1979, Dahlem 1979, Szaro 1980). Other researchers (Busby 1979, Bryant 1985, 
Marlow and Pogacnik 1985, Floyd et al. 1988, Fowler 1990, Severson 1990, Sedgwick 
and Knopf 1991, and others) have suggested that livestock grazing can be compatible 
with the maintenance or restoration of natural riparian vegetation. Perhaps more 
important than whether an area is grazed or not, is how livestock are managedhow, 
when, and to what extent an area is grazed (Buttery and Shields 1975) relative to current 
condition, site potential, and desired condition. 
Grazing strategies for livestock production may be designed to be compatible with 
riparian vegetation that provide habitat for riparian associate bird species by 
incorporating kind and class of animal, season of use, intensity, frequency, distribution, 
and other alternatives including haying and rest. In general, year-long (Kauffman and 
Krueger 1984, Platts 1991) and season-long (spring-summer) grazing (Severson and 
Boldt 1978, Knopf and Cannnon 1982, Kauffman and Krueger 1984) negatively impact 
natural riparian vegetation structure, while seasonal fall (Clary and Webster 1989, 
Kovalchik and Elmore 1992), late fallwinter grazing (Pond 1961; Wiens 1973; Severson 
and Boldt 1978; Kauffman et al. 1982; Knopf and Cannnon 1982; Knopf et al. 1988; 
Medin and Clary 1991; Sedgwick and Knopf 1987, 1991; Clary and Medin 1993) and 
seasonal winterearly spring grazing (Elmore and Beschta 1987, Clary and Webster 
1989, Kovalchik and Elmore 1992) can minimize adverse impacts to vegetation and 
riparian-associate bird species in riparian zones. Light to moderate use grazing (Wiens 55 
and Dyer 1975) in the spring and fall (Sedgwick and Knopf 1987, Medin and Clary 1991, 
Clary and Medin 1993) or summer (Mosconi and Hutto 1982) may be compatible with 
woody riparian vegetation maintenance. 
Scope and Limitations 
This study was restricted in several ways. First and foremost, the study was based 
on an observational experimental design. Treatments could not be randomly assigned to 
experimental units, which precluded drawing cause-and-effect relationships, limited 
control of psuedoreplication (Hurlbert 1984), and restricted statistical inferences to 
experimental units. Although I originally intended to evaluate bird community response 
to alternative riparian grazing strategies, I was unable to account for confounding 
variables such as irrigation, haying, and historical land-use practices, which may 
cumulatively influence vegetation and therefore bird communities. Further, the 
mechanism by which grazing strategies were historically assigned to pastures was 
unknown. Additionally, a control treatment was unavailable because grazing strategies 
were assigned and administered before the study, which precluded pretreatment data, and 
local pristine or undisturbed riparian reference areas are nonexistent. Moreover, precise 
administration of grazing strategies to experimental units was unattainable because of 
private livestock ranch operations' need to remain flexible in timing and intensity of 
pasture use. 
Although there are many constraints associated with an observational study, this 
study has many strengths. Based on a collaboration between private livestock ranchers 56 
and university researchers, we were given a unique opportunity to initiate a riparian 
research project given the extraordinary cooperation of every primary riparian property 
holder within the adjacent Bear and Silvies valleys. This cooperation allowed 
experimental units to be well replicated, representing riparian areas within Bear and 
Silvies valleys. The sites sampled shared a common valley floor width, stream order, 
gradient, geological substrate, and site potential. Additionally, current livestock 
management strategies seemed to be the dominant influence on the present vegetation 
community, indicated by the change in riparian vegetation across fencelines separating 
management regimes. It is likely that inferences from this study may apply to other 
riparian areas in Bear and Silvies valleys outside of sampling units and may also apply to 
other high-elevation unconstrained riparian areas of the region. Given sampling design 
problems, however, inferences beyond Bear and Silvies valleys should be made with 
caution. 
Second, I assumed that relative bird abundance (bird counts) is directly related to 
bird density. Relative density is an index to population size appropriate for studies of 
habitat use and population reaction to manipulation (Caughley 1977). I incorporated both 
direct (visual counts) and indirect (aural counts) indices as variables associated with bird 
presence to estimate relative abundance. Territorial males were not discerned in counts 
because the assumption that such males represent breeding pairs is not always valid 
(Lowe 1956, Mayfield 1981) and because distinguishing sex and territoriality with 
accuracy would have compromised efforts necessary to efficiently detect birds and 
estimate distances. 57 
For most methods for estimating avian density, one must assume that all birds 
have an equal likelihood of occurring anywhere in the sampling area (Reynolds et al. 
1980) or similarly are stochastically distributed (Buck land et al. 1993). It seemed that 
birds were strongly correlated with microhabitat within the linearly juxtaposed riparian 
habitats, therefore, bird densities were not estimated from detection distance data. 
Relative bird abundance is an appropriate method for evaluating differential habitat use 
given that all variables influencing bird detectability are equivalent among sample sites. 
Dawson (1981) summarized factors that influence bird detectability including the species, 
age, sex, and reproductive status; seasonal density and conspicuousness; habitat relative 
to vegetation structure, composition, and physiological stage; topography; time of day; 
weather; environmental noise; observer judgment, experience, ability, and acuity; rate of 
cue detection, and technique. I attempted to equilibrate all known influences on bird 
detectability through survey design and analyses, with the constraint that estimates were 
limited to diurnal birds during the breeding season. In the comparison of bird species 
composition among habitat types, I assumed that all bird species had an equal likelihood 
of being detected within the 5-minute sampling period because species-specific calling 
frequencies were unknown. 
Third, no riparian trees were observed within Bear and Silvies valleys, limiting 
this study to bird species inhabiting vegetation within the structural gradient from herbs 
to shrubs. Riparian communities that support trees (cottonwood, sycamore [Platanus 
spp.], birch [Betula spp.], ash [Fraxinus spp.], etc.) and taller willows are important in 
providing additional structure and nesting habitat for riparian bird communities (Gaines 
1974, Willson 1974, Carothers and Johnson 1975, Davis 1977). Taylor (1984) stated that 58 
residual clumps of trees along willow-dominated riparian areas supported 12 species of 
birds that were either rare or absent from the shrub community. 
Fourth, the link between landscape-level vegetation composition and structure in 
relation to avian species abundance is not easily identified because of the difficulty in 
separating substrate for nesting, foraging, and cover. An underlying assumption of 
models correlating avian community organization and vegetation structure is that the 
number and diversity of birds in an area reflects the availability of critical vegetation-
based resources (Mills et al. 1991). Foliage-height diversity is generally highly correlated 
with bird species diversity in habitats composed of multilayered vegetative forms (Balda 
1975). Foliage-volume, a vegetation structure component also generally correlated with 
bird species diversity, was assumed to be a better indicator of available resources within 
the relatively homogeneous-layered riparian shrubs. Vegetation volume gives an easily 
calculated and interpretable measure of vegetation present in an area and potential 
available resources, whereas foliage-height diversity depends on foliage quantity per 
arbitrarily defined strata (Willson 1974). Mills et al. (1991) presented the hypothesis that 
bird abundance is proportional to available resources that may be estimated by total 
vegetation volume as an indicator of plant biomass and associated resources (i.e., insect 
prey, roost, and nest sites, etc.). I assumed that willow volume is an indicator of plant 
biomass and associated resources as a habitat component on which shrub-nesting riparian 
associate bird species depend. 
Greatly needed, however, is a more comprehensive understanding of the role of 
individual riparian shrub species in providing avian habitat components such as food 
resources and nesting and perching sites. For example, I observed that shrub-nesting 59 
species selected Blueberry willow for nesting over Geyer willow, which may be because 
of Blueberry willow's dense umbrella shaped canopy and highly branched structure. This 
observation contradicts that reported by Knopf and Sedgwick (1992) who stated that 
yellow warblers selected nest sites among relatively abundant willow species in 
proportion to their respective abundance. They also reported that all willow species 
within the study area were of similar size, branching pattern, and leaf dimensions. 
Additionally, species abundance relative to vegetation structure may be misleading in 
relation to population viability without additional information on reproductive success in 
altered habitats (Martin 1992). Also by observation, no yellow warbler or willow 
flycatcher nests were observed along discontinuous willow transects although both 
species were present in low numbers. 
Biological Diversity and Sustainability 
The importance, threats, and approaches to the conservation of biological 
diversity on western rangelands has been eloquently described by Cooperrider (1990) in 
response to an emerging national and international concern. Maintaining adequate avian 
habitat in western rangelands to support viable native populations of regionally or locally 
endemic species is paramount to conserving biological diversity. Rangelands comprise 
about 70% of the land area west of the 100th meridian, of which only 2-3% is riparian. 
Conservation of biological diversity on these rangelands is desirable for ethical and 
aesthetic reasons, and more compellingly, provides the basis for sustainable ecosystems, 
economy, and society (Cooperrider 1990). Riparian areas are especially threatened 60 
because loss of habitats caused by livestock grazing is typically subtle and insidious over 
generations, and consequently goes without recognition and attention (Elmore and 
Beschta 1987). Livestock grazing remains one of the most ubiquitous uses of western 
rangelands and consequently is considered as the primary threat to biological diversity on 
these lands (Fleischner 1994). A significant natural resource goal is to develop strategies 
where grazing on rangelands could be conducted so that biological diversity and integrity 
are preserved at the landscape level. 
Understanding biotic community measures that describe temporal and spatial 
patterns of biological diversity is paramount in developing management strategies. First, 
biological diversity includes the variety of plant and animal species and accompanying 
ecological processes at various spatial and temporal scales (Knopf 1992b, Samson and 
Knopf 1993). Diurnal breeding bird community measures (species richness, total bird 
abundance) refer specifically to alpha diversity, describing patterns within a community 
regarded as homogeneous, whereas beta diversity is the change along or among different 
communities of a landscape (see Koford et al. 1994). Shannon's indices of diversity and 
evenness (Shannon and Weaver 1949) are commonly used for describing avian 
communities within a habitat, and in many cases are useful; however, these indices may 
be less informative than more straightforward community measures of species richness 
and individual abundance. 
In evaluating the quality of riparian habitat, insight into individual species 
abundance as well as community measures of species richness and total abundance with 
respect to natural ecosystem composition, structure, and function is essential in 
identifying sound managerial practices. Conservation management concentrates almost 61 
exclusively on species richness (Magurran 1988), which is probably the most observable 
and manageable form of biological diversity across a landscape. Management that 
focuses purely on species richness without respect to natural ecosystem fauna may mask 
loss of native stenotopic species by substitutions for widely distributed generalist or 
introduced species (Knopf 1992a) .  A habitat type may be managed for maximum benefit 
to wildlife indexed by species richness (i.e., high alpha diversity), however, managing for 
natural ecosystems that share few species (i.e., high beta diversity) will conserve more 
species (Samson and Knopf 1993). Knopf (1992a:335) summarized a direction for 
conservation of biological diversity that included: "(1) minimize practices promoting 
site-specific diversity (enhancements); (2) emphasize between-habitat diversity on 
management units; and (3) implement a step-down (national/regional/local) approach in 
conservation of biological diversity." 
Identification of agriculture systems that are sustainable from an ecosystem and 
human perspective depends on ecosystem integrity and human well-being both in the 
short run and long run. Evaluating acceptability of human activity on ecological systems 
in relation to system integrity requires the integration of what is known about an 
ecological system and what we want it to be, incorporating human preferences and 
concerns (Kay 1993). Ecosystem integrity is based on three fundamental parameters, 
including composition, structure, and function at all scales (Samson 1992). This 
incorporates the diversity of elements (e.g., flora and fauna), their arrangement (e.g., 
pattern and juxtaposition), and natural processes (e.g., flow of energy, species, and 
materials) through evolutionary time (Samson 1992, Kaufmann et al. 1994). Karr and 
Dudley (1981:56) defined biological integrity as "the capability of supporting and 62 
maintaining a balanced, integrated, adaptive, community of organisms having a species 
composition, diversity, and functional organization comparable to that of natural habitat 
of the region." Maintaining ecosystem integrity does not imply preserving the world 
exactly as it was in static equilibrium but rather in dynamic equilibrium maintaining and 
restoring suitable amounts of natural habitats and associated composition, structure, and 
function over landscapes, and through time (Landres 1992). Humans are part of, and 
fully dependent on ecosystems for their well-being (Kaufmann et al. 1994). Ecosystems 
provide goods, services, and livelihood for people in the short run, however, ecosystems 
must persist in the long run if they are to provide later generations with the same 
opportunities. 
Sustainability provides the biological diversity needed to ensure ecosystem 
function, provide goods and services for an acceptable standard of living, and to meet 
stewardship responsibilities for an aesthetic environment (Samson 1992). Conservation 
of biological diversity is one of the greatest challenges facing resource managers (Wilson 
1988, Knopf 1992b) and especially private land owners, who hold a substantial portion of 
the biological diversity in the United States. Economic pursuits focusing solely on 
riparian production have historically occurred at the expense of functioning riparian 
ecosystems (Carothers and Johnson 1975) through the control of natural processes and 
habitat alteration. Control of natural processes and habitat alteration have a profound 
influence on the composition, structure, and function of riparian ecosystems. Nongame 
birds, having only recently gained public attention, are important components of 
functioning ecosystems, playing roles in energy transfer through food webs and nutrient 
cycling (De Graaf 1978, Peterson 1980). Understanding the influence of various land-use 63 
practices on natural processes and habitats from an ecosystem perspective is important to 
maintain or restore natural ecological systems and the viability of species and 
communities associated with these systems (Samson 1992). 64 
MANAGEMENT IMPLICATIONS 
Riparian zones in the semiarid western United States are habitat to a 
disproportionate number of birds. Avian abundance and diversity within riparian areas 
are attributable to microclimate, forage resources, vegetation productivity, structure, and 
floristics, and surface water relative to the gradient of these conditions on adjacent upland 
areas (Knopf 1985, McGarigal and McComb 1992). Intact riparian zones in semiarid 
environments generally demonstrate sharp gradients from xeric to mesic conditions 
supporting greater vegetation structural complexity and floristic richness than adjacent 
upland areas. 
Successful bird management depends on sustaining biological diversity (Balda 
1975; Landres 1992; Samson 1992; Samson and Knopf 1982, 1993). Biological 
diversity, a derivative of ecosystem integrity, is based on the ability to maintain an 
adaptive community of native species through the maintenance of ecological systems. 
Land-use practices influencing natural processes, habitats, and resulting bird communities 
must be interpreted on a species-specific basis. Management focusing solely on species 
diversity indices based on information theory or species richness alone may mask 
important information and may not provide biologically meaningful explanations 
(Willson 1974, James and Rathbun 1981, Mills et al. 1991). More importantly, emphasis 
should be placed on managing for natural ecological systems with high beta diversity 
(Samson 1992; Samson and Knopf 1982, 1993). Understanding bird species community 
composition and structure in relation to riparian vegetation structure is paramount to land 65 
managers who strive towards maintaining biological diversity, sustainable ecosystems, 
and, if applicable, viable ranch operations. 
Hydrophytic woody vegetation within arid and semiarid rangeland environments 
increases structural complexity and greatly contributes to local avian abundance and 
diversity. I suggest the importance of maintaining riparian vegetation structure and 
composition that is critical to regional biological diversity, total avian abundance, and 
riparian-associate bird species. Subtle and gradual replacement (over generations) of 
mesic streamside vegetation for xeric or structurally less complex plant communities will 
have a profound deleterious effect on biological diversity and ecosystem sustainability. 
Willow volume seems to be useful in evaluating diurnal breeding bird abundance, species 
richness, and the change in abundance of riparian associate bird species resulting from 
changes in resource availability, especially when referring to natural flora and fauna 
(Mills et al. 1991). Managers can use willow volume to develop hypotheses about avian 
community composition in unconstrained semiarid riparian areas; however, hypotheses 
should be tested. More information is needed to understand the effects of fragmenting 
large blocks of continuous woody riparian vegetation into smaller relatively isolated 
parcels, or the narrowing of these habitats, in relation to maintaining viable populations 
of dependent avian species. 
Riparian-associate bird species dependent on hydrophytic shrubs in the semiarid 
West are especially threatened by the elimination or simplification of woody riparian 
vegetation as a result of land-use practices such as livestock grazing. Seasonal light to 
moderate grazing during vegetation dormancy (late fall, winter, early-spring) is generally 
compatible with woody riparian vegetation regeneration, maintenance, and growth 66 
(Wiens 1973; Severson and Bo ldt 1978; Kauffman et al. 1982; Knopf and Cannnon 1982; 
Elmore and Beschta 1987; Knopf et al. 1988; Clary and Webster 1989; Medin and Clary 
1991; Sedgwick and Knopf 1987, 1991; Kovalchik and Elmore 1992; Clary and Medin 
1993). Seasonal early-spring grazing should be cautiously prescribed, however, to ensure 
that adequate vegetative cover remains for nesting birds and that breeding birds are not 
adversely impacted from the presence of livestock. 
Livestock grazing systems could be designed from a whole ecosystem perspective 
to be compatible with the maintenance or restoration of key riparian vegetation, 
maintaining suitable avian habitat and promoting the integrity of riparian ecosystems. 
Grazing systems should be tailored to meet specific growth and reproduction 
requirements of key riparian plant species, giving full consideration to kind and class of 
livestock, intensity, season of use, distribution, and frequency. For example, reducing 
intensity of grazing on rangelands including riparian zones may not be reflected in 
riparian vegetation use without proper distribution practices. No single grazing system is 
likely to be effective in every riparian situation (Clary and Webster 1989), although 
prescribed, well-managed, site-specific grazing strategies incorporating kind and class of 
livestock, intensity, season of use, distribution, and frequency may be more effective. 
Grazing systems should be flexible enough to provide for occasional disruptions in 
riparian condition, either from natural or unnatural causes. 
Given the importance of riparian zones to birds, and other potential benefits, 
livestock ranchers should incorporate management of streamside vegetation into their 
overall ranch management. Restoring or maintaining productive riparian zones will 
likely result in greater livestock production: increased AUMs, forage palatability, and 67 
weight gains, and fewer health problems with cows and calves (Floyd et al. 1988, Fowler 
1990); increased property values; and all functional attributes of riparian vegetation 
relating to riparian and aquatic ecosystem quality. Goals and objectives for streamside 
vegetation should be clearly identified and documented, incorporating various levels or 
geographical scales of resolution including the pasture, ranch, and watershed(s). 
Monitoring should be an integral part of any management change designed to elicit a 
response in riparian vegetation or bird community. 68 
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APPENDICES  Appendix A. Individual bird detections in riparian vegetation communities characterized by vegetation structure (herbaceous, 
discontinuous willow, continuous willow) in Bear and Silvies valleys, Grant County, Oregon, 1993-94. 
Species  Herbaceous  Discontinuous willow  Continuous willow 
(scientific name)  Nta  Nrb  z`  SE  SE  z  SE 
Within restricted sampling area 
Herbaceous only 
Hooded merganser  17  17  2.1  1.4  0.0  0.0  0.0  0.0 
(Lophodytes cucullatus) 
Discontinuous willow only 
Black-crowned night-heron  2  1  0.0  0.0  0.1  0.1  0.0  0.0 
(Nycticorax nycticorax) 
Long-eared owl  6  6  0.0  0.0  0.9  0.9  0.0  0.0 
(Asio otus) 
Townsend's solitaire  1  1  0.0  0.0  0.1  0.1  0.0  0.0 
(Myadestes townsendi) 
Vesper sparrow  14  5  0.0  0.0  0.7  0.5  0.0  0.0 
(Pooecetes gramineus) 
Wilson's warbler  1  1  0.0  0.0  0.1  0.1  0.0  0.0 
(Wilsonia pusilla) 
Continuous willow only 
American bittern  6  1  0.0  0.0  0.0  0.0  0.1  0.1 
(Botaurus lentiginosus) 
Black-billed magpie  29  5  0.0  0.0  0.0  0.0  0.6  0.3 
(Pica pica) 
Bobolink  126  34  0.0  0.0  0.0  0.0  4.3  2.4 
(Dolichonyx oryzivorus) 
Common merganser  5  5  0.0  0.0  0.0  0.0  0.6  0.4 
(Mergus merganser) 
Dark-eyed junco  1  1  0.0  0.0  0.0  0.0  0.1  0.1 
(Junco hyemalis) 
Mourning dove  3  2  0.0  0.0  0.0  0.0  0.3  0.3 
(Zenaida macroura) 
Northern flicker  5  3  0.0  0.0  0.0  0.0  0.4  0.2 
(Colaptes auratus) 
Northern goshawk  1  1  0.0  0.0  0.0  0.0  0.1  0.1 
(Accipiter gentilis) Appendix A. Continued 
Species 
(scientific name)  Nta  Nib 
Herbaceous 
x  - c  SE 
Discontinuous willow 
.7  SE 
Continuous willow 
I  SE 
Sandhill crane  78  4  0.0  0.0  0.0  0.0  0.5  0.4 
(Grus canadensis) 
Sora  26  2  0.0  0.0  0.0  0.0  0.3  0.3 
(Porzana carolina) 
Virginia rail  5  3  0.0  0.0  0.0  0.0  0.4  0.3 
(Rallus limicola) 
Western tanager  3  3  0.0  0.0  0.0  0.0  0.4  0.4 
(Piranga ludoviciana) 
Wood duck  9  7  0.0  0.0  0.0  0.0  0.9  0.9 
(Aix sponsa) 
Yellow-rumped warbler  2  2  0.0  0.0  0.0  0.0  0.3  0.2 
(Dendroica coronata) 
Two vegetation communities only 
American crow  104  19  0.0  0.0  2.3  1.2  0.4  0.3 
(Corvus brachyrhynchos) 
American robin  140  82  0.0  0.0  0.3  0.3  10.0  2.0 
(Turdus migratorius) 
Brown-headed cowbird  150  93  0.0  0.0  7.3  2.8  5.3  2.0 
(Molothrus ater) 
Brewer's sparrow  37  5  0.0  0.0  0.6  0.6  0.1  0.1 
(Spizella breweri) 
Great blue heron  3  2  0.0  0.0  0.1  0.1  0.1  0.1 
(Ardea herodias) 
Song sparrow  525  420  0.0  0.0  13.7  4.4  40.5  3.2 
(Melospiza melodia) 
Spotted sandpiper  9  7  0.0  0.0  0.6  0.4  0.4  0.4 
(Actitis macularia) 
Vaux's swift  30  26  0.0  0.0  0.3  0.3  3.0  1.0 
(Chaetura vauxi) 
Willow flycatcher  381  242  0.0  0.0  1.0  0.6  29.4  3.1 
(Empidonax traillii) 
Yellow warbler  732  570  0.0  0.0  9.0  0.7  63.4  4.9 
(Dendroica petechia) 
Ring-necked duck  7  5  0.5  0.5  0.0  0.0  0.1  0.1 
(Aythya collaris) Appendix A. Continued 
Species 
(scientific name)  Nta  Nrb 
Herbaceous 
x 
- C  SE 
Discontinuous willow 
x  SE 
Continuous willow 
I  SE 
Black tern  44  29  3.0  0.6  0.7  0.4  0.0  0.0 
(Chlidonias niger) 
Gadwall  17  9  0.3  0.2  1.0  0.7  0.0  0.0 
(Anas strepera) 
All three vegetation communities 
American wigeon  29  21  1.9  0.5  0.6  0.4  0.3  0.2 
(Anas americana) 
Barn swallow  34  29  1.4  0.6  1.7  0.9  0.8  0.3 
(Hirundo rustica) 
Belted kingfisher  12  6  0.4  0.3  0.1  0.1  0.3  0.2 
(Ceryle alcyon) 
Brewer's blackbird  676  432  20.4  5.6  21.7  9.1  14.6  6.6 
(Euphagus cyanocephalus) 
Canada goose  60  5  0.3  0.3  0.3  0.3  0.1  0.1 
(Branta canadensis) 
Cinnamon teal  88  61  4.8  0.9  0.7  0.3  2.3  0.6 
(Anas cyanoptera) 
Cliff swallow  64  53  1.8  0.9  2.3  1.5  2.9  1.2 
(Hirundo pyrrhonota) 
Common snipe  393  47  1.8  0.6  0.4  0.4  3.8  0.7 
(Gallinago gallinago) 
European starling  56  14  0.1  0.1  1.7  1.7  0.1  0.1 
(Sturnus vulgaris) 
Green-winged teal  22  20  0.9  0.3  0.7  0.4  1.0  0.5 
(Anas crecca) 
Killdeer  21  9  0.4  0.4  0.7  0.4  0.1  0.1 
(Charadrius vociferus) 
Long-billed curlew  83  13  0.8  0.4  0.9  0.7  0.1  0.1 
(Numenius americanus) 
Mallard  143  58  3.6  1.4  0.9  0.5  2.9  1.1 
(Anas platyrhynchos) 
Northern pintail  38  14  0.8  0.3  0.6  0.4  0.5  0.3 
(Anas acuta) 
Northern rough-winged swallow  45  43  0.3  0.2  1.7  1.1  3.6  3.1 
(Stelgidopteryx serripennis) Appendix A. Continued 
Species  Herbaceous  Discontinuous willow  Continuous willow 
(scientific name)  Nta  Nrb  x  - c  SE  .7  SE  -.)?  SE 
Northern shoveler  15  8  0.5  0.4  0.3  0.3  0.3  0.3 
(Anas clypeata) 
Red-winged blackbird  1532  676  28.8  3.0  10.1  3.1  46.9  7.3 
(Agelaius phoeniceus) 
Savannah sparrow  1133  660  42.3  4.1  29.3  2.1  14.6  2.9 
(Passerculus sandwichensis) 
Tree swallow  46  37  0.5  0.3  2.3  1.2  2.1  0.5 
(Tachycineta bicolor) 
Western meadowlark  357  60  3.5  1.5  2.1  0.7  2.1  0.8 
(Sturnella neglecta) 
Willet  175  65  4.1  1.4  4.0  1.0  0.5  0.3 
(Catoptrophorus semipalmatus) 
Wilson's phalarope  115  66  5.0  1.8  0.3  0.3  3.0  1.6 
(Phalaropus tricolor) 
Yellow-headed blackbird  26  6  0.3  0.3  0.1  0.1  0.4  0.3 
(Xanthocephalus xanthocephalus) 
Beyond restricted sampling areab 
American kestrel  4  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Falco sparverius) 
Common nighthawk  2  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Chordeiles minor) 
Common raven  8  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Corvus corax) 
Golden eagle  1  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Aquila chrysaetos) 
Osprey  1  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Pandion haliaetus) 
Red-tailed hawk  6  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Buteo jamaicensis) 
Turkey vulture  1  0  0.0  0.0  0.0  0.0  0.0  0.0 
(Cathartes aura) Appendix A. Continued 
Species  Herbaceous  Discontinuous willow  Continuous willow 
(scientific name)  Nta  Nrb  Sc  SE  x  SE  x  SE 
Excluded from analyses 
Double-crested cormorant  2  1  0.0  0.0  0.1  0.1  0.0  0.0 
(Phalacrocorax auritus) 
N, = Total number of individual detections at all distances. 
N, = Total number of individual detections within restricted sampling area (<40 m from sample points along transects). 
Mean number of birds detected during four visits/transect (eight sample points)/year; n/vegetation community = eight, seven, and eight, respectively (n = 23). 85 
Appendix B. Available information on migratory status and foraging and nesting guild 
relative to bird species detected along streamside transects in riparian zones of Bear and 
Silvies valleys, Grant County, Oregon, 1993-94. 
Neo- Versa-
tropical  Life  tility  Breeding period  Nesting 
Common name  Scientific name  migrant' formb rating'  foraging guilds  guild' 
Double-crested cormorant  (Phalacrocorax auratus)  3  3  PWV  GTN 
American bittern  (Botaurus lentiginosus)  3  7  CWA  GWN 
Great blue heron  (Ardea herodias)  12  6  PWA  VAR 
Black-crowned night-heron  (Nycticorax nycticorax)  7  15  RWA  GTN 
Canada goose  (Branta canadensis)  3  16  HWD-HGZ  GWN 
Wood duck  (Aix sponsa)  14  14  GGG/GFG  SCN 
Green-winged teal  (Anas crecca)  3  16  GFD  GWN 
Mallard  (Anas platyrhynchos)  3  16  GGL-GFD  GDN 
Northern pintail  (Anas acuta)  3  10  GFD  GDN 
Cinnamon teal  (Anas cyanoptera)  3  7  OFD  GWN 
Northern shoveler  (Anas clypeata)  3  8  OFT  GWN 
Gadwal  (Anas strepera)  3  15  HFD  GWN 
American wigeon  (Anas americana)  3  16  HGZ-HWD  GDN 
Ring-necked duck  (Aythya collaris)  3  16  OFB  GWN 
Hooded merganser  (Lophodytes cucullatus)  14  20  PFW  SCN 
Common merganser  (Mergus merganser)  14  20  PFV  SCN 
Turkey vulture  (Cathartes aura)  B  4  25  CGC  GDN 
Osprey  (Pandion haliaetus)  B  12  22  PWU  GTN 
Northern goshawk  (Accipiter gentilis)  B  11  16  CAH/CGH  TRN 
Red-tailed hawk  (Buteojamaicensis)  B  12  29  CGH  TRN 
Golden eagle  (Aquila chrysaetos)  B  12  25  CGH  TRN 
American kestrel  (Falco sparverius)  B  14  20  IAH-CGH  SCN 
Virginia rail  (Rallus limicola)  3  13  IMP  CRN 
Sora  (Porzana carolina)  3  10  ORF  CRN 
Sandhill crane  (Grus canadensis)  3  8  ORF/OGF  GWN 
Killdeer  (Charadrius vociferus)  B  3  10  IGG  GI)N 
Wil let  (Catoptrophorus semipalmatus)  3  8  ISP/CSP  GI)N 
Spotted sandpiper  (Actitis macularia)  3  8  ISG  GI)N 
Long-billed curlew  (Numenius americanus)  A  3  11  OGF  GDN 
Common snipe  (Gallinago gallinago)  3  8  VGP-ODF  GWN 
Wilson's phalarope  (Phalaropus tricolor)  3  6  IFaG  GI)N 
Black tern  (Chlidonias niger)  3  8  IFbG/IAH  GWN 
Mourning dove  (Zenaida macroura)  B  11  18  GGG  BTN 
Long-eared owl  (Asio otus)  B  11  24  CGH  BTN 
Common nighthawk  (Chordeiles minor)  A  6  26  IAK  GDN 
Vaux's swift  (Chaetura vauxi)  A  14  12  IAK  SCN 
Belted kingfisher  (Ceryle alcyon)  16  19  PWU  GWN 
Northern flicker  (Colaptes auratus)  B  13  21  IGG  PCN 
Willow flycatcher  (Empidonax traillii)  A  7  16  IAS  BTN 
Tree swallow  (Tachycineta bicolor)  B  14  14  IAK  SCN 
Northern rough-winged swallow  (Stelgidopteryx serripennis)  A  16  9  IAK  GDN 
Cliff swallow  (Hirundo pyrrhonota)  A  4  16  IAK  CCN 
Barn swallow  (Hirundo rustica)  A  4  10  IAK  CCN 
Black-billed magpie  (Pica pica)  7  32  IGG  BTN 
American crow  (Corvus brachyrhynchos)  11  21  OGF  BTN 
Common raven  (Corvus corax)  4  36  OGC  CTN 
Townsend's solitaire  (Myadestes townsendi)  B  6  19  IAS  GDN 
American robin  (Turdus migratorius)  B  7  35  VGG-OLF  BTN 86 
Appendix B. Continued 
Neo- Versa-
tropical  Life  tility  Breeding period  Nesting 
Common name  Scientific name  migrant' formb rating'  foraging guilds  guild' 
European starling  (Sturnus vulgaris)  14  10  OGF  BSCN TN: 
Yellow warbler  (Dendroica petechia)  A  8  12  ILG 
Yellow -tamped warbler  (Dendroica coronata)  B  10  18  ILG  TRN 
Wilson's warbler  (Wilsonia pusilla)  A  5  16  ILG/IAS  GDN 
Western tanager  (Piranga ludoviciana)  A  10  22  OUF/IAS  CDN BTN) 
Brewer's sparrow  (Spizella breweri)  A  7  19  IGG 
Vesper sparrow  (Pooecetes gramineus)  B  5  8  OGF  GI)N 
Savannah sparrow  (Passerculus sandwichensis)  B  5  7  OGF  GDN 
Song sparrow  (Melospiza melodia)  B  7  13  OLF/OGF  GBN 
Dark-eyed junco  (Junco hyemalis)  B  5  28  OGF  GTN 
Bobolink  (Dolichonyx oryzivorus)  A  5  7  OGF  CRN 
Red-winged blackbird  (Agelaius phoeniceus)  B  7  11  OGF  CRN 
Western meadowlark  (Sturnella neglecta)  B  5  11  IGG  GI)N 
Yellow-headed blackbird  (Xanthocephalus xanthocephalus)  A  7  8  OGF  CRN 
Brewer's blackbird  (Euphagus cyanocephalus)  B  7  25  OGF  GBN 
Brown-headed cowbird  (Molothrus ater)  B  7  24  OGF  PAR 
a Neotropical migrant status (identified by Partners in Flight) after Gauthreaux (1992). 
A - includes species that breed in North America and spend their nonbreeding period south of the U.S. 
B - includes species that breed and winter in North America, but some populations winter south of the U.S. 
C - includes species that breed primarily south of the U.S. but their ranges extend north of the U.S. border. 
b Life form after Thomas et al. (1979). 
#  Reproduces  Feeds 
3  on the ground around water  on the ground, bushes, trees, and water 
4  in cliffs, caves, rimrock, and/or talus  on the ground or in the air 
5  on the ground w/o specific water, cliff, rimrock, or talus assoc.  on the ground 
6  on the ground  in bushes, trees, or the air 
7  in bushes  on the ground, in water, or in the air 
8  in bushes  in trees, bushes, or the air 
10  primarily in conifers  in trees, bushes, or the air 
11  in conifers or deciduous trees  in trees, bushes, air or on the ground 
12  on very thick branches  on the ground or on water 
13  in own hole excavated in tree  in trees, bushes, air or on the ground 
14  in a hole made by another species or in a natural hole  on the ground, in water, or in the air 
16  in a burrow underground  in the air or in water 
Versatility rating after Thomas et al. (1979). 
Based on the number of plant communities and successional stages used for feeding and reproduction; low (1-16), 
medium (17-29), and high (30-42). 87 
Appendix B. Continued 
Breeding period foraging guild (food, substrate, and technique) (breeding/breeding-year round) after De Graaf et 
al. (1985). 
Food Type  Substrate  Technique 
C  carnivore  A air  A  ambusher 
G  granivore  D mud  B  bottom forager 
H  herbivore  F  freshwater  C  scavenger 
I  insectivore  Fa freshwater surface  D  dabbler 
0  omnivore  G ground  F  forager 
P  piscivore  L  lower canopy/shrub  G  gleaner 
R  crustaceovore  M marsh  H  hawker 
V  vermivore  R fresh marsh  K  screener 
S  shoreline  P  prober 
U upper canopy  S  sallier 
W water  T  strainer 
U  plunger 
V  diver 
Z  grazer 
Nesting guild after Harrison (1979), Diem and Zeveloff (1980), and Medin and Clary (1990). 
BTN bush and small tree nester 
CCN  cliff, cave, rock, or talus nester 
CDN conifer-deciduous tree nester 
CRN  cattail, rush, sedge, reed, or grass nester 
CTN  conifer tree nester 
DTN deciduous tree nester 
GBN ground and bush nester 
GDN ground nester not necessarily associated with water 
GTN ground and tree nester 
GWN ground nester usually associated with water 
PAR  parasitic 
PCN  primary cavity nester 
SCN  secondary cavity nester 
TRN  tree nester 
VAR variable nester 